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The  Naval  Auxiliary  Oiler  AO-177.  USS  Cimarron  (U  S.  Navy  Photograph) 
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The  AO-177,  first  of  a  new  class  of  Naval  Auxiliary  Oilers,  experienced  high  levels  of  inboard  air¬ 
borne  noise  and  initial-stage  erosion  damage  on  its  skewed,  seven-bladed  propeller  during  builders 
trials.  This  paper  describes  the  problems,  corrective  design  modifications  considered,  and  proce¬ 
dures  and  rationale  used  to  develop  a  successful  corrective  design  modification  consisting  of  a  fin 
to  improve  the  flow  into  the  propeller.  To  evaluate  the  problem,  extensive  model  experiments  were 
conducted,  including  flow  visualization,  wake  surveys,  powering  experiments,  and  a  crucial  series 
of  cavitation  experiments  including  propeller-induced  hull  pressure  measurements  in  a  large  water 
tunnel.  Experiments  with  two  fin  designs  showed  the  superiority  of  a  flow-accelerating  configura¬ 
tion.  Other  experiments  showed  some  benefits  of  altering  the  propeller  blade  shape.  Propeller 
analyses  were  undertaken  to  provide  design  alternatives  for  retrofitting  the  ship  with  a  new  propeller 
A  full-scale  trial  with  the  final  fin  design  provided  evidence  of  a  reduction  of  the  highest  levels  of  air¬ 
borne  noise,  reduction  in  the  initial-stage  erosion  damage,  and  minimal  effect  on  ship  speed  The 
result  is  that  the  AO-177  has  been  accepted  by  the  fleet  for  normal  service. 
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Introduction 

In  KK  km  >  t  \Hs  there  has  Ixt'o  a  rash  of  propeller- induced 
vibration  and  noise  problems  that  h.»v<  plagued  certain  tv|x*s 
U  commercial  shqx.  usuallx  til  single  screw  design1  This  has 
ix*en  the  result  of  the  increase  of  ix»wt-r  |x*r  shaft  restrictive 
demands  on  stern  geometrx  ami  pmj*clln  and  shafting  place¬ 
ments.  tendencies  toward  high  block  statin  unis  and  large 
beam-to-druit  ratios.  and  trends  toward  single  screw  designs 
lor  fuel  economv  t  hese  problems  n<>[ mails  manifest  tliem- 
velv es  in  the  form  of  unacceptable  hull  girder  v  ibratioti  in  the 
stern  region  near  the  profx-llci  oul  at  the  up|x*r  levels  of 
decklx utses.  structural  damage  liom  tangm-  and  considerable 
crew  nuisance  often  resulting  m  ittqx'vsf  q»ccd  limitations 
\lthnugh  the  l  S  Navv  has  had  a  mmuiiai  tiuudx*r  of  such 
« Hviirreiices  with  its  single  w  row  .oixiliaiv  ships  there  was  an 
exertion  in  thecas** of  the  r«*centlv  completed  \(>  ITT.  the  first 
ship  of  a  new  class  of  Naval  Vixilurx  Oilers  During  builder  s 
trials,  the  l  SS  Cwuirnm  At >  ITT  '  was  reported  to  have  tin* 
ac*  eptahlv  high  levels  of  auln*m»-  noise  and  locali/txl  vibration 
l  l>>**e  inspection  revealed  earlv  stage  » incubation  /one1  pro¬ 
filer  erosion  damage  and  lx*nt  trailing  edges  near  the  tips  of 
all  seven  blades  of  the  propeller  based  on  these  full-scale 
findings,  the  Navv  uninediatelv  embarked  on  a  corrective 
program  to  identifv  the  root  cause  of  the  difficulties,  develop 
a  Mutable  solution,  and  verifv  that  (In*  tesiilting  mollification 
dul  indeed  cure  the  problem'  In  the  process  •  >1  satisfv  mg  these 
ohiectives.  the  Naval  Sea  S\ stems  (omnium!  iNAYSF.A1  to* 
gether  witfi  the  David  W  Tuxlm  Naval  ship  Research  and 
Development  <  enter  iDTNMUN  emploved  the  services  of 
the  Swedish  Maritime  Krvearch  (  entro  iNSPA  Hxdronautics. 
I tu.  ;  HNI l.  I  Vt  norske  \  entas  Dn\  ami  several  independent 
experts  in  the  ficM  of  ship  f.vdmdv  uamics  jfiah 'is  This  p.qwr 
documents  the  problems  i fit  cxjh ■ » i* *i k  «  the  solutions  pro¬ 
posed  the  model  experiments  ami  an.ilx  lical  predict!* *hs  <  ,«r 
ried  out  let  a  mimU  i  of  altern.itivt  pi“[M,Mt|  soiuhoiis  mi 
mmating  in  the  final  ebon  e  of  a  xxake  improx  mg  In.  design  and 
its  validation  with  a  full  waletnal 

Since  1952.  when  liaici  l  4  designed  th«  tiM  wake  modi 
fvmg  and  anti-air-draw  mg  tin  for  use  in  •  urmg  srvetr  l.intail 
vibrations  of  the  (-real  Lakes  .»re  t.mi<  t  (  <;d  P  hnu/l t  u 
sanations  of  this  t\ pc  of  stern  up|x  ml.ige  have  l»een  ein 
pioved  usuallx  suceesshillx  to  help  mipiove  the  flow  into 
the  propeller  region  of  manv  kinds  of  single wrew  ships  Mt>s| 
of  the  applications  *>}  such  a  fill  have  l*eet,  on  lull  I >1* k  k  ships 
such  as  tankers,  roll-on  roll  off  K< )  b<)  ships  contamershipv 
liquefied  natural  gas  1  N( .  vessels  and  other  hulk  and  prodm  t 
carriers  2.  V  In  most  instant -es  the  effet  t  ot  ihe  tin  is  in  duett 
How  into  the  prt»|>elier  disk  region  firming  up  slow  ■mm mg  or 
separating  Itoiiml.irx  liver  flows  m  the  .dtcrKxlx  regit*l». 
genera  lb  reducing  the  l.irge  w ake  jx\ik  at  the  top  of  the  disk 
ami  therein  retiming  the  large  flow  angle  excursions  at  the 
outer  ravin  of  the  propeller  blades  These  changes  apparentlv 
reduce  the  vibration  excitation  levels  In  reducing  the  flm  tu 
atmg  pressures  induced  on  the  hull  ami  resulting  fluctuating 
hull  surface  forces)  that  arise  from  mternutteiit  profiler  blade 
cavitation,  rather  titan  h\  signif  ic.mtlx  reducing  the  Ix’armg 
force  excitation  levels 

As  w  ill  lx*  show n  in  the  ease  of  the  \(  >  I TT.  there  were  |x»s- 
sible  improvements  of  the  hull  surface  excitation  to  lx*  achieved 
witfi  alternative  profiler  designs  as  well  as  with  the  wake 
modification  Part  of  the  ob|eiti\e  of  the  investigation  de¬ 
scribed  liere  was  to  ulentii  v  a  corrective  measure  that  was  ef- 
fei  five  enough  fo  <lo  the  fob.  xet  simple  enough  to  lx*  deploy'd 
and  verified  quit  klv 

1  Numbers  in  brat  lets  designate  References  af  end  of  pu|x*r 


The  ship  and  propeller 

Main  particular* 

The  AO  ITT  •  l  SS  Cwuirron )  is  the  first  of  a  new  class  of 
single  screw  Naval  Auxiliary  Oilers  designed  by  the  L  S  Navv 
ami  built  at  Avondale  Ships  ards.  Inc  in  New'  Orleans,  lanmi- 
ana  Its  principal  particulars  are  given  in  Table  1 

From  the  Ixxlx  plan  lines  and  profile  outlines  given  in  Fig 
I  it  can  lx*  seen  that  the  ship  hull  has  a  prominent  elliptical 
bullxxis  Ixm,  rather  narrow  V -sec  tion  shapes  toward  the  after 
cud.  a  clearwuter  stern,  and  generous  propeller  clearances  both 
vcrticallv  and  forward  to  the  hull  surface  The  propeller 
<  learai.ccs  defined  in  the  figure  are 

a .  D  =  0  2915 

<it  P  =  0  55m  (at  0  HR  ) 

utt  D  =  0  519  (at  tip) 

hti  P  =  0  192  (at  tip) 

Some  care  w  as  taken  during  the  design  stages  to  p'nduer  a 


hull  c)t*sign  w  ith  gtxxl  resistance  characteristic’s,  and  **ffort 
succeeded  to  a  great  extent  txvause  tfx*  AO-177  has  »4  able 
power-to- weight  ratio  coni {iarcd  with  similar  ship  at  the 
same  sliced  Ptirixiseful  slimming  of  the  hull  line's  al  uitelv 

contributed  to  the  gotxl  resistance  pro|x*rties  of  th  77 

Yet.  these  narrow  aft  section  shapes  have  |x*en  det*  :*d  to 
lx*  largelv  res|x»nsihle  for  the  |**»r  wake  (rather  dec  -like 

main  wake  shadow  ;  It  must  lx*  noted  that  desigi  II 

shape  fur  the  \< >177  was  determined  at  a  time  w  lx  e  as 
much  more  fragmentarx  umlerstamhng  of  the  .  .  ntial 


firohlems  that  could  ans«-  from  mterimttcrit  f)r»»fx*H*T  cav  itation. 
ami  inovl  of  the  concern  th«*u  w.i'  focuvd  on  full  block  hull 
shaprs 

l*'igiu«-  2  show'  a  viinpld  icd  mlxiard  profile  of  tfic  after  end 
of  the  'hip 

Propeller  detail*  and  design 

Hie  man:  pto[x-llcr  partu  ularv  are  presented  in  Table  2 
Mii>  prupi  fi*  r  wav  designed  to  meet  fh<*  conditions  outlined  m 
(  able  >  ‘Hie  dcvign  process  i'  ihscusscxl  in  detail  in  reference 
1  and  i'  essent  iail\  the  Mine  as  the  process  descrilx*d  in  ref¬ 
erence  5 

I  |xin  making  l he  rcipmed  tradeoffs  to  meet  the  conditions 
NfH’iifird  in  I  able  >  it  turned  out  that  the  geometrv  t d  the 
projxllcr  wav  cunt  rolled  iargelx  l>\  the  requirement  that  the 
i.  ugitudmal  and  torvion.il  viliration  in  the  main  propulsion 
w'tcm  !»•  U*lu\»  Hut  v|xx  ilic<l  in  Mil. -STD  1H7  |t>|  and  that  hull 
v  ibration  level'  meet  the  requirements  of  MIL-STD  1472  j T ■ . 
I  hesc  sjxt  ith  ati»»nv  revultexl  m  rexpurements  w  hich  were  more 
restrictive  than  those  mqxist'd  hv  other  design  specif icatioris 
and.  therefore,  controlled  the  Sf*l<vtion  of  the  number  of  blades, 
propeller  dumctiT.  magnitude  and  radial  distribution  of  skew, 
ami  radial  distribution  of  chord  length 

based  on  a  preluninarx  longitudinal  and  torsional  vibration 
resjx*nse  analwis  of  the  main  propulsion  sxsteni  that  was 
available  at  the  time  of  the  propeller  design  (1975).  which  in¬ 
cluded  onlx  a  rough  estimate  of  the  stiffness  of  the  thrust 
hearing,  it  was  concluded  that  a  six-bladed  propeller  should  no! 
lx*  used  Ix'cause  blade  f requeues  for  a  six-bladed  propeller 
would  coincide  w  ith  a  predicted  longitudinal  resonance  at  the 
lull  (lower  jmint.  that  is.  at  approximately  100  X  6/60  =  10  Hz 
The  vibration  analysis  of  the  main  propulsion  system  also  in¬ 
dicated  that  the  blade  frequency  thrust  at  full  pow-er  must  be 
less  than  13  3  k\  (3000  lb),  that  is.  less  than  1  percent  of  the 
time-average  thrust,  for  either  a  five-  or  seven-bladed  propeller 
For  this  propulsion  system  the  upper  limit  on  blade  frequency 
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could  f**  excessive  with  four  blades  was  bused  on  design  stage 
calculations  of  hull  vibration  resfumses  *  it li  e\c (tat u»n  ettipir- 
K'jlU  derived  from  comparison  of  calculated  and  measured 
amplitudes  of  this  tv  pe  of  vibration  on  similar  V  S  \aw  ships, 
on  previous  e\f**rience  with  this  tv  jh*  of  vibration  on  similar 
l  S  \avv  ships  witfi  four-bladed  profilers  anti  on  the  phe¬ 
nomenon  that  this  vibrator*  res|>onse  tends  to  increase  as  ex¬ 
citation  frequenev  decreases  At  the  time  of  the  profiler  de- 
Mgn.  it  wa'  concluded  t fiat  similar  problems  were  jmssjfile  hut 
levs  probable.  w  itfi  a  tive-bladed  proprller  This  alt  me  was  n<»t 
lustiflcation  tor  umnetliatelv  reiectmg  a  five  bluded  projxdlcr. 


but  the*  prolubihtv  of  hull  girder  vibration  would  be  considered 
in  anv  (HissiMe  design  tradeoffs  for  selecting  the  n unifier  of 
blad<*s 

Requirements  of  Mil. -STD  lb7  are  that  for  all  operating 
conditions  the  jieak  periodic  thrust  amplitude  at  the  thrust 
bearing  lx-  less  than  the  lesser  of 

1  the  time-average  thrust  at  the  local  operating  point,  or 

2  one  half  the  time-average  thrust  at  full-power  steads 
afiead 


l»*w  mg  empiru  a 


il  multiplicative  factors  derived  from 


-  expanded  area  <>l  *  )U  r 

//*.  i l V 

-  d»k  area  of  pfi.jn-llr*  iH- 
=  prt'iei  ted  area  **t  prejwllei 

=  pr. >j  teller  ilcuram*'  ImM/utila' 
dlslaiHe  tirtweeii  bl.idc 
relereiue  line  and  hull  at 
n  SH 

-  profiler  hitri/untal  ilea  rami 

forw arif  in  hull  al  tip 

-  vertkal  tip  clearance  Itetweelt 

prnjieller  ami  hull 
®  fieam  of  ship 

=  pri*|M*lk'r  hon/mital  deuruiue 
jh  fc  /mldr/  af  t>(> 

-  BUk  .oeffit  tent 

=  tbrost  loading  i  neff  n  lent 
*  prnjieller  blade  sc.  tmn  *  h.  ml 
length 

-  prnjieller  diameter 

*=  depth  of  hull  keel  in  mam 

<  let  k 

=  det  1 1 K-t  sound  pressure  level 
in  ik  lave  hand 
2ulogip  r.» 

-  amplitude  of  blade  frequelu  v 

harumnii  <>|  avial  Itearing 
fnrte  thrust' 

=  amplitude  of  blade  frequent  t 
harmonic  «*♦  transverse 
hnrt/nnlal  tiearing  f«»ree 

-  amplitude  ttl  blade  frequent  v 

harmnriK  nt  verlu  al  iraruig 
force 

-  =  amplitude  "f  blade  Irequem  v 
lurrtmnn  •  >1  .oi.d  hull  mi 
la«  e  l« *r>  e 

=  amplitude  blade  tretpiein  v 
harnutfiu  "f  ( drover  a- 

hnrt/nnlal  I'tdl  siirtai  e 
force 

=  ampillurie  nf  blade  fmjuern  \ 
hjrnmna  nf  vertical  hull 
wirb  i  e  force 

-  Fronde  number 

=  randier  nf  pr<>j>e|ler  blade 
sex  tmn 

=  an  eieralmrt  due  In  grav  *t\ 

=  beat!  drst ante  from  profiler 

<  -enter  line  t»»  water  surface 
plus  atmospheric  pressure 
minus  vapor  prevure 


_ Nomenclature _ 

/  .  ip  -  /ak<  blade  *•» 

1 1-  id 

/  -  a.lv  ,-elli.  r.-i.f 

I  ■  \  K  t,n 

»  pti-..»  :»-  ..iiipiti.il>  •.».  ms 

I  «g  IH 
I  -  letiCtl' 

I  </x  =  hgth  ■■-.•  rail 
In  -  I'UCth  Utwetn  Jtel  |M*t.«iii  u 
far' 

/  mi  nl  /  -  length  ....  ssuterlllie 

«  -  pi- •) teller  ri'volutinns  jh-i  unit 

lime 

:•  x ^  -  pt •  I !»■  r  M-.  tern  pit.  li 

f'i .  '  Wfi.elcd  |t«  w.  :  ..I  prnjieffo 
J  -Till,  » 

I't  -  •  He.  live  |s'\se: 

I-  -  ''«if  mean  s*p»are  no-  m*uiu1 
presstire  level  it-  s|^-  died 
b.tndw  ttif  it 

H  -  : -id lit'  -d  pr* >J teller 
»  =  f.idl.d  di'laltce  I  mm  prnjieller 

axis 

“-  taib'ts  -  I  pr i >| teller  Inib 
I  -  ti.ri.'t 
/  n|  -  dtalt  mean 

t  ~  tliiust  detluttmn  I  rail  tun 
tn  =  r)/ek«e»s  <>f  propeller  blade 

MV  t  I.  t|l 

\  -  slitjl  speetf 

\  K  ~  '|H-ed.>f  advance  V  I  -  it  r 
\  h  x  lul  veloeitv  <  omjuitietit 

rati'*  ju  prnjieller  plane 
\  j  in  f,„  V  =  tanccntial  velm-itv  coinjumettl 
ratio  it.  pro|N-ller  plane 

\  ,  ih  \  -■  axial  veil h  its  inmjvneiit  ralm 

in  pr« *|**-IU  i  jd.me 

\  \  \  ,,  ~  amplitude  >»f  nth  harruentt  of 
axial  \ elm  llv  .  nntjMitirril 
l at ii *  m  propeller  plane 
t  1  I  **  \\>U-  \  h'os nfidli 
r,  =  sittgle  aiiqditude  vibralmn 
veliH  ilv  rrns' 
u  i  ~  l  av  lor  wake  I  rat  tmn 
Xr  =  fnoidirrt'  os|f>nal  radius  nl 
pro|H*llei  blade  setlmn. 
r  H 

/  =  ntimU-r  nf  projwller  blades 
A  =  d.sjdat  ement  mass 
Ap/  =  lilatle  fretpiencv  am|>hlude  of 
hull  surface  pressure 


A ft 2/  ~  twice  f»Jade  frinpient  v  joipli 
tilde  nf  hull  surfj*  e  pres 
sure 

V  *  (iisplacenielit  volume 
r)p  «  Jiropulsjve  ef fli  refit  v  f’t  i{> 
t)h  ~  hull  elf  It  lent  \ 

( 1  —  I  i  I  —  *<  r  ' 

y)h  =  relative  rotative  efficient  v 
*  skew  angle  in  prnjected  jdane 
of  prnju-ller  measuretl  I  mm 
a  radial  line  thmugli  mid 
i  bird  of  seel  tell  at  hub  In 
radial  line  through  mid 
I  fmrd  of  set  tmn  at  lot  al  rj 
dots  jmsMlxe  III  <  mintef 
.  |m  kw  im'  direct  mu  lot  .king 
uj»slreain 

UfJ  =  wake  jmsitjoj)  angle  jlmut 
pmjN-lier  avis  m  prn|M*lier 
j»lane  measuretl  toimlei- 
t  I.h  kw  ise  from  ujvwafd 
vertual  looking  torward 

K  ~  linear  st  ale  ratio 
(•  =  mass  driisitv  of  water 
<r  =  <  av itatmn  ii'i/nlei  al  sfiafl 
centerline  basetl  on  \ja*rd 
of  advance  2g//  V\ 

4>  =  pfiase  angle 

v'  =  |K*Mtion  angle  aUuit  projtelicr 
axis,  measiiied  tl.«  kw.se 
from  iijiw  atd  vert  it  al  b  *•  »k 
mg  forward  -f>u 


Abbreviations 

BBS  Boll  Beranek  and  \ewmati 

Im 

Dl  Davidson  l.aUiralorv 
1  >t»\  Del  imrske  V  enlas 

I  HASH  IX  David  \\  T.nlor  \jval  Ship 
Beseart  h  and  Develojuuelit 
<  .enter 

HI  H\ droniet harms  Iik 
UNI  Hvdronautics.  Im 
1S(  >  International  Standarrls  ( >rgam 
/at  mn 

\1  IT  Massachusetts  Institute  of  Tech 
nologv 

NAN  SKA  Naval  Sea  Systems  Command 
SSPA  Statens  Skeppsprovnmganstalt 
(Swedish  Maritime  Research 
( a*ntret 

V.A1  Vorus  and  Associates.  Inc 
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lull  nalr  measurements  on  l  s  tv  \  ship-  .if«  applied  l«>  the 
values  that  are  calculated  i.\  uum*Mnal  pr.«tedurrs  based  mi 
propeller  misleads  lilting  muKh  e  theoiv  N  iin  hiding  tilt*  in 
llurnces  ol  propeller  g«*oineti\  piojieller  ojH-iattnv'  conditions, 
model  nominal  wake  pattern'  and  v  all  ulated  amplilu  ation  in 
t lit’  slutting 

1  \  factor  ol  »  f-»i  amplitude  m< mIuI.iI i«>u  .1}  the  iienodii 
thllist  f  ,  ,,  whore  U  -  /  2/-  '/  '*!•  I  1 :ls  m<  «iulatl<  'll  lll,n 
result  l  nun  a  cmnhinattoi  .*t  i.u c<  x  ale  tuihnit  n«  e  in  tl«  v\ akt 

JMT  |t  hIu  1 1 1t  it*  \  U  . . . t  the  w  tk*-  !  •  «t  Heads  vlnp  conditions. 

pet  iodic  variation  ol  the  wake  due  ;*•  v\i  wave*,  ami  ship  mo¬ 
tions  atul  small  chances  in  ruddei  am;l«  t-  r  course  cor*  Don 
It  1  n  assumed  tint  loi  oat  h  u  tiio  1  ulcuialed  amplitucli  <  . he 
minimum  amplitude  o|  tin  imMiuLoed  'icnal 

2  \  laotoi  ol  v  t*a  itu  i»  mm  in  /  ,  /  at  speeds  I  rorn  VMUo 

1 1 N )  (torrent  ol  lull  speed.  »  lm  h  niav  l»e  >hi<  the  mtiuetn  e 


o|  ,  avitate ■:»  -  1  t  hange  in  the  wake  juttern  duo  to  free  surface 
vv ,i\ olliak  1  nit  *  Hr  *  tv  It  1-  assumed  that  tho  calculated  am 
plitude  v Ht resjMfids  to  /  ,  „  /  Ixdoro  this  iiirft*aM* 

\  \  la*  tor  ol  j  loi  increase  in  f ,  n  in  hard  dull  rudder  1 

Iiimiv  rolativo  to  tl.o  / t  „  lor  l ho  steads  ahoad  condition  at  arts 
sjwotl  The  dil li'Toiioov  Iwlwoen  ■  f  ,  „  in  hard  turns  and  if , 
loi  steads  a  heat!  ojH’iatioti  results  from  the  different  wake 
patterns  ship  s|**edv  p/oja-Jlrr  rotational  sjreedv  and  «•  vt«*nt 
o|  .  .»v  ilation  hu  these-  eondittotis  The  manner  11.  w  lm  h  these 
various  (pianlities  t  hange  ftoin  stoadv  ahojd  to  hard  turns 


\'  dost  I  *U'«1  !I.  .1  n  Jn-  *  .Jo  '  i 
.11  it 1 1 .  1’  Vnl.iuith  s  ori'ult  d  It- .  >-i 
V  il  ■:  *t  ions  nt  Shi  t  at  1  sJup  I  n  .pni  .i> 


i.-d  ,1  o:  ilna ■  !•.  \  /.*•«»«* m i s 
t  Mi  veii.pl. if*. I  •  <11  I  .  'Iicituilm.il 

1 1  S\  a*-m-  s«  j‘t  I  *  *  'u 


CROSS  HATCHED  SPACES  INDICATE  AREAS 
OF  EXCESSIVE  i ABOVE  CRITERIA) 
PROPELLER  ASSOCIATED  AIRBORNE  NOISE 
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05  LEVEL 
04  LEVEL 
03  LEVEL 
02  LEVEL 
01  LEVEL 

1  LEVEL 

2  LEVEL 
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Fig.  2  !n0oar,l  profile  of  stem 

Table  2  A0- 177  propeller  characteristics 
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T*bl«  3  Prop*IM»r  d**‘£n  condition* 

I  Vsi|{n  point  full  (tower  at  lull  i--.ul  ihspla,  t-nirnt 
Diameter  4  to  '  i  m  r.*l  to t  It  i 
UPS  i  lit*  4l  the  tlt'MKIt  point 
Ktnfurnme  2P  knots  at  ho  ik-m-iii  novu  r 

('avitation  criteria  In  |H-r.euf  sjteed  margin -m  the  .inept  ton  of  funk 
iuthMe  it  the  tlesi^n  [*« >i m  Other  form*  ol 
i  a*  itat  nm  to  lie  ntimmi/eii  to  the  extent  prn, 
tii  ahle 

Hl.lth  ■  'krw  l  *»e  the  .itiioiir.l  |  •  l  ,t.  1 1.  al>l<  mi  •  -nlri  <  :<  !■>««  \  ihrati.  >(. 

e\»  nation  t.  r.  e-  unparti  i  !.  th,  pn  •j-ul-  •  .*  m.if  Inner  x 
anti  huit  in  of  I,  ••  t.-  meet  Mil  ^  I  I  •  |».  arnf  Mil  STI  > 

If'.'  I'll*-,  iln  -t  t  In  r.-'i.-xx  in,;  lai.it  -  mi  t-latfe  t  *<• 

tpiem  x  tn-ar-ui:  lot, , 

b  ,  <  '  1  i  I  k  \  i  >i  KKi  |i»  i 

-A  ,  •  .  s  ,  k\  i  .'I  M  h  •  II.. 

1  b  .  *  •  '  s  >1  l  \  i  /'W  HI  ||o 


lallx  the  xx  ake  patter  m  and  eax  itatmn  max  In- srrisihxr 
lo  tin- 1\  |n*  ni  hull  lot  m  lot  example  il  max  Ik*  dill  emit  tor  an 
a  t:\iltat  x  and  a  mu  Lit  e  »  nmhalarit 

W  ith  these  thin-  mulltpln  ahxe  la,  ton  tin*  maximum  am 
plitndr  ol  tin-  pot  hn h,  thi  list  .it  tin*  thitist  iteatuu;  is  estimated 
to  f*e  27  tutu  s  tin-  | m *i to, 1 1,  tin nst  amplitude  i  aleniated  at  tin 
thrust  U  at m^  iisttn;  pi,,| f  llei  utistradx  hftine  surface  1  hem  \ 
ami  shutting  irsponst  lot  mulatioiis  for  shall  amphin  ation 

I  lies*-  Lit  lots  a  to  intended  to  In*  suit:,  tout  lx  ootisot  xaltxr  t« 

<  tni.fi  that  I  hr  re, pm*  merits  Mil  S  |  I )  It *7  all  ttu  t  loi  all 
ope  l.l  line,  i  oil.  111  toil-  : !  .1  1  .  bM-  t.iflstn  a  I  X  .11  I  it  lolls  oxet  I  hr 
Itx  «s  ol  I  hr  'hips  ol  the,  iass  .<  t  not  »  onset  x  at  ix  e  t  iiat  t  hex 
Ullheerssat  tlx  ,  oiiltol  tin  design  o|  t  he  plo|H*liel  ol  ptopulstou 
sxstrm  MeasUfrmriits  hi,  the  \t  >  |“7alni  \(  >  1  7  s*  surest  that 
these  Ln  tots  atr  reason  ,hl«  lot  tins  appin  at  toll.  Iioxxexei  it  is 
d  if  fit  nil  to  ilehue  pie,  isrlx  the  .*.nh\  uluai  la,  to|s  due  to  x  at  l 
itn>n\  w  ith  ofH'iatm^  ,  oinltl  ions  tmu  ami  I  h*1  xxrr  n  dr  Hr!  nil 
ships  ol  tin- 1  lass  .itnl  Iweanse  tin  measurements  are  matle  on 
tin*  shaft  son  n  dist.iiu  t  I  ion:  the  pio|N*i|ei  Ihedtstann  In- 
tx*ern  the  point  of  measinement  on  the  shall  and  the  piopellet 
makes  it  \ei  \  dill  h  ult  to  sepal  ate  ailipllt  it  at  mils  m  th*-  pit* 
pulsion  svslem  tioin  mi  ieas4  ,n  pfo|N'l|ei  |ietimin  thrust  I  Ins 
Is  rs|>ri  lallx  i  fill,  al  In  Ixxrrli  'Ml  |k-|,  »  id  oi  lull  sjN*rtl  ami  lull 
sjN-etl  on  the  \l  )  177  I  !.|sv  he,  ai|se  o!  ill,-  ptohahdltx  of  Ion 
lutuduial  shall  irsoiiainr  at  approvimatrix  !(•  ipm  al*oxe  full 

p.xtei 

Pri  haps  I  hr  most  t  in  is,  i  \  atix  e  part  ■  >1  tin  ana  lx  sjs  hrs  m  tin 
as'umption  lfi.it  the  Hirer  t.n  lots  of  >  arr  mult ipln  at ix r  to  i'ive 
a  xsojst  ease  l.u  lor  of  '  J  !,.  i,  max  In  some  nonlmeat  rthvh 
between  the  tluee  fa.  i.**s  so  that  the  maximum  fa,  tor  is  less 
thin  2”  \s  statrd  pi  r\  n  mi'  lx  ■  'in-  of  t  In  t  1 1!<  i  la  n  |o  ax  old 
t  hi  i|sl  lex  .-I  sal  **f  'tie  mam  iIimi-I  he  ii  me.  1  In  ml  rex  ei  s.d  of 
the  M  >  I  .  .  In-  ti  me.  di,l  «i*»t  «•«  t  m  nndei  am  In  il  eoinlitiotis. 
hoxxexi  I  the  thills!  w  ,t‘  not  ineasiiletl  at  the  liealim;  lhe 
maxttimin  pen,**  In  tlunsl  at  the  heat  mu  hasetl  on  ineasuie 
mints  on  tin  main  propulsion  shaltmu  and  i  alt  nlatrtf  aniph 
In  ation  of  the  propulsion  sxstrm  Ix-lxxeen  the  iin-.iMiied  |»omt 
ami  the  U  ainu;  *s  2  *  |N*?ernl  of  the  linn  axetatp  tlunsl  at 
lull  |  timer  ste.uh  aln-.ul  o|n-i.iIioii  I  Ills  represents  an  rsti 
malrd  factor  of  salrtx  ,*t  foni 

I  hese  ainpiii  n  ation  Ln  lots  irsnlt  in  Hie  ii  ijniiemeiit  t li.it 
tin-  rail  ulatitl  hlatie  ltit|Uriii  \  thrust  amplitude  at  tin-  propeller 
must  In*  less  than  I  |)erer:it  <*|  thr  liiur  axrt.u*r  tin  list,  xx  hull 
is  a  srxerr  irtjuin-inenl  It  is  eoimnon  eonuurit  nl  ship  prat¬ 
tler*  to  alloxx  hladr  frrrpirncx  thrust  to  In-  S  prternt  ol  the 
tutu*  axrratfr  tin  mt.  and  in  sonir  cases  as  high  as  1 2  permit 

h  Pm  .ill-  t  xiiimimn  ation*-  w  1 1 1>  --t.il  I  of  I  tiA 


I  hr  uuur  irstrictixr  iipjN-i  limit  on  lhe  \(  )  17  <  lass  is  due 
m  part  to  (In  ie<|uuement  t  li.it  it  U  -  ahle  to  rot  tile  I  nil  i  udder 
turns  at  anx  s(N-«-d  and  to  the  htgln-i  maximum  s|N*rd  lhari  is 
Ix  pn  a  I  of  rummer  eta  I  ship  pi  a,  tn  r 

(nnsideulioii  of  jmxxermu  (.ixilahoit  eli-aiamrs  and 
strength  tin  tatrti  tin-  follow  me 

!  )|.itin  It  :  /  >  m  nil.’.  - 
i  xpamli-tl  aie.t  i  ill*  •  \  ,  \  ,  U  77 

(  hr  l  el  o|e  t  alt  -I  la  I  tolls  of  tin-  six  i  omtN  Uielit--  ■  *t  Ik-.,!  me  ♦  ■  *1 ,  r* 
am  I  mu  *n  lent  s  xx  nr  made  I .  m  \ ,  \, ,  it  .  .  I  -  a  d  Mimic  r  •  nisi 

mduated  lot  fixe  ami  sexen  hlades  .m.i  ,i  iani'.i  of  skew  di> 
t  r  it  Mlt  ion-  riles*-  I  alt -Illations  were  rn,*dr  IISIIIU  tin  Ulisteadx 

lit  lint*  siuiati*  piiN  rdwir  ol  Isakonasetal  's  xx  hit  h  d«N -s  not 
t  oitsnier  the  mf  I  tie  in  r  of  ,  a\  it  at  ion  I  liese  <  ah  ulat  i.  *ns  were 
ha  set  i  on  Hie  |  N -it  men  t  ha  I  Miolin  s  til  I  he  iii«n  j<*|  m  'initial  vx  ake 
at  lull  jN.xxti  steatlx  ahead  ojN-ialn.n  in  a  t  aim  sea  without 
turret  tloiis  lot  the  inflnem  e  of  fxex  noltls  nninhe'  the  etfrt  l 
of  t  In  pr  o|  N-llei  oli  I  luxx  ake  effeitixi  wake  « *r  |  n  ism  I  iir  ten: 
|n  .t  a  I  x  .mat  lot  is  in  tin  xx  ak*  I  In-  limit  at  tons  t  *  -m.  etiiiii^  I  he 
la«  k  of  cotisnleiat  ton  of  t  ax  itat  ton  and  the  ns*  -  of  tune  axeiai'e 
nominal  iinHiel  xxaki  ale  Inlh  appieeiatetl  how«-xei  .and  <t<  -i 
pioctxintes  foi  1 1  ti.ii  it  it  at  ix  el  x  t  alt  ulat  me  I  In  -  mil  unices  of  thrv 
effet  ts  were  m*l  and  an  m»t  ixadahlt  \exeftln  less  a* 
me  nt  toilet  I  pirx  nnislx  the  ml  inem  rs  of  Hn-s*  t-f  te.  I  s  vx  .o  ,  on 
sidcirti  «  nijMi  n  a  1 1  \  hi  t  alt  ilia!  me  t  he  allow  ahit  limits  of  ; 

k  \  xOOO  Ih  '  fol  I  lie  hl.1t  le  I  let  1 1  Min  X  I  lulls*  all*  I  *X  k  \  2tH  K 
II*  fol  I 'lade  I  let  pit  in  x  \  t  1 1  n  al  am  I  t !  ait'X  ei  si  Inn  i /out  a  I  loir* 
romp'  Miellls 

I  lies**  ea  l<  ulat  ions  u.d  n  ate,  I  l  hat  in  on  I*  i  t<>  *-m-»  t  t  om  ui 
lel.-llx  the  follow  Hie  t""  Nipnit  luents 

1  pn nI nee  hladi  tieijui  tn  llunst  that  n  ess  ih.ct  1  >  kN 

>•  KM  i  If  ■  and 

2  hax  e  a  hladi  platifot  m  with  nriHiri  a  •  ie*ut  t-  a  nt  Ix  -  •  -  u 

t  axe  Vlaxlme  etle*'  U»*l  a  |N  *niletf  1 1  alhlie  tn  a  I  *  In 
<'f’ 

it  is  lirrrssjix  to  It.txe  a  *i  xelt  hladed  pn*[n  ! t«  r  with  n  f  ill 
dl.iim-tei  21  *t  inoihlir.U  dlsltihlll'oli  ot  -k«  -s  xx  th  appi.-s, 
ruatclx  l’>  di*e  -h-vx  in-.it  ! In  1 1]  and  n-i..'  •  x  elx  *  h-  r  t  ,  h.  >r  !>  U 
tlie  ,mt«-r  i.ulu  (otu.ixi  and  jn*,  ntei!  t:  .mine  rde«  plaiih::ns 
weir  imiertl  I  - '  i n-  illi.lesil .,hlr  !  n  on  •  -mnli  iat  i-  His  of  s|  r«  net  h 
and  d.imae*'  siist «  pt d*iht \  espe,  tallx  •limue  astein  lotalioii 
lhe  diameter  h.ulafiist  .odet  mt  Inem  e  on  these  i.  ihul.ition- 
U-t -.ruse  t lie  axial  tomjN*in  nt'  ol  the  filth  and  sex,  nth  hat 
moi m  '  i -I  tiie  wake  luxe  a  ti  >  •  is.ii  «!  *ten  at  radii  !es-  ifian  »*  J 
.- 1 1  21  ft  '  -n  xx  d  I  he  seen  in  the  xx  ake  ha  i  moil  n  s  .list  i  ihnt  l,  -m 
In  ol  del  to  red  III  i  tin-  hladi  f  irijlirm  x  t  ’ll  list  fo  lev-.  Hi  i  n  I  '  ' 

k\  xlKHt  fh  xx  till  t|\e  hhnles  xxoiild  m*e*-ss|t .  ■  nl  *sla  i  * .  al  I  x 

la  reel  maximum  skew  .u.el«  titan  xx  till  se\  rn  1  -  i- 1,  '  dm  1  *  ■  tin 
com  hi  nation  •(  l.  .ne'i  '■>  ax  i  lei  .el  I.  and  iai  cm  .iiupii!  u.ii  !  *  tn 
fifth  liar  mon  ,  *!  tl.«  w.iki  ih.n  oltln  si  x .  i  it  h  h  ■  ■  n ,  u.  ,-tllie 

wake  l  he  ,  . *nd -in.,! .<  ■:  •  *t  hij  hei  skew  alid  w  nti  I  In  |d>.  '.-i 

a  fix.  hladt-ti  p  r « •  j  •*  Dei  \x--ul.i  n  Milt  ni  i  l»ia,|*  j-n  hit  -xi’* 

i  ilia,  t  cj't  ahlx  |*i  Milled  I  r  ailmc  e.  I»*e  tn  a  I  Hn  * :  j »  1  he  1 1  t  <  I  i 

live  hladed  pro}**  !!,  i  wa-  nna.  -  eplahi.  !  In  In,.,!  -ki  w  h 

I I  ihnt  roll  w  as  .  at  ef  nil '  m  It  t  I,  -t i  t«  *  of  a  1 1 : .  ‘ ;  ■■  s*  ,-i  | ,  ( •  -  • 

i  am  ell.it ion  ..I  |N-m*dn  pro|N  ti,  i  |,  adu  e  •  *  •  ;l"  pi  v*  i< 

i  atl  I  ns  so  I  li.ll  t  lie  spt  »  it  ted  h«  all  uc  1 1  i .  e  •  i  n  •  :  :  ,  x, ,  •  ■  r  i  * 

These  t  al,  nlafeti  X  a  hies  toerlin  <  ,X  tl 1  X  dues  -  at.  tdali  d  * 1 : 
I  US  I  hx  I  frt  Hoi  ske  \  *  r  il  l «  ’  *  nsim-  .,i:  -in'lea-fx  !■*  I  ■  n»*  -i . ■  t  . ■  - 
pntrrdnre  havl  on  a  xoitex  I  i*t  n  ,  app’--  1  *•»  !  h  -■  .1  -  . » i!  , *  i.  * 
hut  w  it  h  an  appi oxunalt  «  >  >i  i  e,  t n  *u  *  -  -  i  »  1 1 ,  -  t  o  t  v,  ih  !-.im  I 
on  t he  met  In nI  **1  I  i n.i ne  and  l  - 1 o\ ,  .  I  *  l  I ■  >r  a  I*.  .,L  *f  * ,  '  <  -i - 1 
lion  arr  tn  l  d*l*  l  1  hi  x .lines  ,  al*  nlated  hx  |>ei*-.-;ski 

\  rnlas  are  er eat*-r  than  t fie  sjn-,  died  lunds 

rile  net  I  Ha,  ,  ill  a,  irs  in  these  pndn  t  lot  is  at.  |uder,  t  In 

2l»  7  kN  itMKKt  Ih  or  200  \  xer,  t-ril  of  tin  li  n  nt  on  1, lad,  I  trip  ten,  \ 

till  list  ami  xtMi  JN-Uent  of  lhe  him!  ■u  hlad*  tupnn,. 


(‘..in  a'*,  .tn  * 


<>rt,*i  I., tin  f'u.ptMi*,r  I  s,  it**,!  A"P  -  N.  •  • 


* 


Table  4  Bearing  force  component*  for  AO*  177  propeller 
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transverse  lone  rt»»i|M»nents.  bused  on  the  cumulative  effects 
nt  maccurac  ies  atui  omissions  in  the  analytical  computational 
methods,  ami  errors  due  to  wake  measurements  and  scaling 
ettects  These  inaccuracies  are  in  part,  compensated  for  by 
the  empirical  lactors  itu*nr|>nratecl  in  the  sjjecified  limits, 
e.sfiet  u)l\  the  tart  or  of  »  for  the  estimated  increase  in  [Ft  )n  T 
In-tween  SiO  |H*rceiit  and  lilt)  |N*reent  of  full  sjieed.  and  the 
lactor  \  for  the  ainphtude  modulation,  as  discussed  previ- 
« mis1\  Although  these  calculated  results  are  estimated  to  lie 
man  urate  relative  to  the  small  jkthhIu.  propeller  shaft  exci¬ 
tation  forces  firing  calculated  on  the  highlx  skewed  profilers, 
it  t>  Indie -veil  tliat  these  calculated  results  give  a  realistic  indi- 
caliou  of  tfie  influence  of  projH'ller  design  parameters  on  the 
periodic  profiler  shaft  excitation  forces  Further,  the  methods 
used  m  the  profiler  design  for  the  \( )- 177  ( ’lavs  represent  the 
theri-c  urrenl  state  of  the  art  lor  c  ah  ulating  these  forces 

Direct  m'-asureinents  of  the  profiler  shaft  excitation  forces 
were  not  maife  on  tfie  AO- 1 77  (  lass,  however,  a*  discussed 
previously  measurements  of  the  |iernxhc  longitudmai  response 
were  made  on  the  shafting  at  some  distance  from  tlie  propeller 
From  these  longitudinal  shall  rcsjiofisc  measurements  and  a 
mathematical  nnnfel  o!  lh»*  'halting  sxstem.  the  blade  rate 
propeller  thrust  iw .dcufated  to  he  fief  ween  (/and  2h  7  lc\  (0 
and  HNMi  lb*.  that  is  0  <  h,  /  T  <  0  02  This  agrees  rea- 
sonahlv  well  with  the  values  predicted  in  the  propeller  design 
process  The  blade  rate  thrust  i  annul  1m-  determined  more 
a«  curatelv  from  ibexr  full-si  ale  measurements  clue  to  measured 
variations  w ith  o|MTalmg  conditions,  time,  and  liefween  dif¬ 
ferent  ships  of  the*  class,  and  mac  curacies  in  calculating  am- 
phinatiom  in  the  propulsion  svstem  including  possible  reso¬ 
nant  *  '• 

It  was  realized  that  pro|n*||er  induced  hull  lorc-es  due  to 
transient  t  av  itation  t  oiiid  produce  huff  vibrjtron  and  airborne 
!»o».r  However  no  ichable  procedure  f i *r  quantifv ing  these 
<  (let  |s  existed  Mad  mi«  h  a  pon  edure  existed.  it  would  have 
U  en  apphed  and  it  ><*  ho|ird  a  I  Vila  nee  would  have  Ireen  struck 
U-tw-t  ii  iit.e  Intierv  vibiatmu  and  hull  noise  and  vibration 
|w-rtoi m  ini  •  In  the  absence  of  such  know  ledge  and  proce¬ 
dure*  the  maclcm  iv  v ibi at  mu  i  riteria  lor  vv  hie h  design  pro- 
■  eduies  did  exist  drove  the  design  The  blade  ti|*»  were  tin- 
I' •.!<!< •»!  reiatn.  e  |o  I  1m-  I  erbs  opiirimni  i  riterion  m  some  attempt 
l< :  r  edu«  e  tin  |mti«kIh  In  i  II  fori  es.  flow  ever  the  el  feetiveliess 
•  ■<  llu*  iioloading  is  in u  fear  for  a  proj teller  ofirratiug  Hi  a  severe 
w  akt  md  w  it  I » transient  «  av  it  at  ioii  as  is  tin*  c  as**  lor  the  A<  )*  177 

i  ’irlber  a  w  .ts  pidged  that  the  blade  skew  would  dramatic  alls 
redo*  e  pu’p*  !»»•»  mdo<  ril  hull  bifees  relative  to  those  m*hie«*d 
b\  die  i  orresi  toiid  it  ig  pm|  teller  wit  liout  skew  II  12.11  Shim* 
••■no  •  inpin.  al  i  riteria  existed  for  judging  the  likeld»o«MJ  of 
pri.j*  ll»  i  erosion  a  in  I  jtro|M'ller  induced  In  ill  vibration.  how 
i  ••  •  t  dies*  .ut  ii« it  apphcahl**  to  the  present  design  sine**  its 
groin*  If  x  o  outside  fhe  range  of  the  data  base  on  w  hicb  thc*s** 
‘«itm  etnpiru  al  methods  are  hast'd  In  partic  ular  tins  design 
ii.e-  iiaio  w  blades  near  the  tip  seven  blades,  an*)  high  skew 
w  fn<  h  are  not  i  oiistdered  in  tfie  semi  empiric  al  criteria 


1‘fie  filial  pitch  and  candn-r  were  determined  bv  the  lift¬ 
ing-surface  proc  c-dure  of  (  ficng  ;  1 4  •  w  ith  thickness  corriftions 
hv  the  metliocl  of  kerwm  and  I  .eopnld  15  Table*  2  gives  the 
{M-rtinciit  details  of  the  final  configuration  Figure  1  shows 
photographs  of  the  propeller  installed  oil  the  ship 


The  problems 

During  builders  sea  trials  the  AO  177  exhibited  several 
unsatisf ac  tor v  s\mptorns  at  and  near  full-power  o|H*rution 

•  High  min>ard  airlmrne  noise  levels  in  nunx  spaces  in  the 
stem  region  of  the  sfnp.  and  up  into  some  deckhouse*  spaces  as 
well 

•  Incubation  /one  erosion  damage*  to  (fie  pro|K*ller  (bur¬ 
nishing  and  dimpling)  and  l  lent  trailing  edge 

•  Heavv  localized  vibrations  partu  ularlx  in  the*  areas  di¬ 
rect  lx  over  the  profiler 

Airborne  noise 

Kxlensixe  airborne*  noise*  measurements  made  during  the 
Unlder  v  trials  indicated  some  high  levels  that  exceeded  criteria 


i^.mses  and  (  «>rrpc  tions  tor  Propeiie* -F  xcated  Airborne  Noise 


7 


Tab*#  5  Criteria  nola#  *#v#U— - p#fm*ts*b*«  alrborn#  sound  protsur#  l#v#l*  (in  <JB  ralativ#  to  20  gPa) 
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V  (III 
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!'  nt.iv  « 

v.  I-C.|  1  hr 

>11  V.tl  i-  !■-  III.  1 

'ifi-i  *>!!  ■■•  tase  bands  provided  the  arithmetic  average  i 

t  the  levels  in  l he  Sll. « 

lave 

band-  d< 

Hot  e\.  i 

e»!  ilu  .pi 

.  M.".l>ll  •-  .1.1. 

i Vv  ■  •(  in  tii.  shipbuilding  vjx’cilicution  Kxccvxivc  noise  levels 
m  i«i  thing  lounge.  ii'i reation.  mess,  ami  shop  spaces  aft  of 
►  i  i’l.i'M  win1  rlcnlihcd  consistently  as  Uung  caused  bv  the 

I  nv.;-vt  «*\.  if.ithm  In  all.  2  >  compartments  uere  re|>orted 
I.  -  tu\.  ni.sih-'.ti  lots  noiM*  lev els  associated  vs itli  the  projteller 
lot  ati  i  f  she  It  .iiiMooiuf  spares  within  tlu*  ship  art*  inch 

•  .»*«-• 1  b\  tin  *  i.ks  halt  liril  arras  in  I  lit*  attend  inlxtard  profile 
«•!  I ’g  1  The  noise  level  criteria  for  Nav  v  ships  depend  on  the 

i  < >mf  .of moil  usage  I'lir  allowable  sound  levels  applicable 
’  the  V  *  i  77  arc  given  in  Table  5 

\'.ei  iihisttatioii  of  tbeebaraeter  of  the  problem.  Fig  4  shows 
■  ‘s  t  as  t  kind  >oi„hI  pressure  lex  els  measured  during  the  initial 
\( )  177  builder  -  trials  in  four  representative  compartments 
(  ! * ■  \s  ! ve i  thins*  and  Dressing  Nos  1. 5.  and  tv  and  the  <  *.\m  All 
'hi  m  'paces  have  the  saint*  noise  criteria  These  data  were 
•  ■.mn-ti  -i  ri-  the  approach  described  in  \p|>endix  l  As 
i..du  .tied  in  /  n*  4  low  trctpicncv  noise  levels  in  alt  c  ompart 

I I  iei  i !  *.  vs  i  re  '» in  I A  dB  .lU've  the  criteria  and  high -I  requeues 
ieveU  i  a 1 1 cod  I  l  oin  A  dB  above  to  b  dB  Ik*Iow  the  criteria 
Vn"!  o  >  or,  litmus  vvert'  found  for  most  of  tile  spaces  identified 

h  iviuii  iiooe  problems,  eacli  with  resjvet  to  the  pertinent 
<  t  :\n  ?.»  1.  w  ).  for  the  space  Another  space  near  the  top  of  the 
di.sh*  >i'  also  exjtencnced  marginally  unsatisfactory  pro* 
i  a-.v  -  iai**d  noise,  but  otilv  at  the  lowest  octave  band,  and 
1  vs  .o  di'>  ej  n.l  ,Te  as  a  low  rumbling  sound 
\  ib*  it  ion  amplitudes  representative  of  tlu*  hull  girder  re- 
'{M.tiM  svcie  iiu  isiired  at  several  locations  on  main  structural 
gu-iors  on  the  ship  t  cnterlinc  m  the  steering  gear  compartment. 
csig'iM'  loom,  and  at  tin  top  of  the  stack  of  deckhouses  These 
wen  a. I  b'  .nd  to  Ik*  of  sail'd. utorv  magnitude  aeconfing  to 
.  ’  •:  i*  ifid  also  -  tc  judged  to  Ik*  acceptable  from  the 


Fig.  4  t  sample  excessive  airborne  noise  levels  measured  during 
builder's  trials 


point  ol  view  of  recent  IS( )  in  oinmcmiatinns  In  linin' 
although  there  was  eleai  lv  excessive  pmpellcr  cu  itatior*  w  ilh 
this  ship,  it  was  manifested  prim  ipallv  as  u  mat  id  actors  an 
home  noise  levels  and  not  <»s  unaeieptahle  hull  girder  vibra 
tion 

Propeller  damage 

\  week  alter  the  builder  v  trials  the  piojx'ller  w  a-  \  «vi i.tll v 
msjteeted  by  ballasting  the  ship  down  b\  bow  to  expose  the 
lip|>er  third  of  till-  projN'ilct  \  blade  hv  blade  i  Lot  k  r»*vr  ded 
that  damage  had  occurred  on  the  Miction  .back1  side  ,u  all 
blade’s,  w  ilh  most  of  the  distress  centered  lx*tw«*en  the  t>  SB  .oid 
(M)K  radii  The  damage  consisted  of  a  rouiililv  wum  n«  ul.it 
patch  of  initial-stage  cav itation  erosion  along  the  trailing  edge 
of  cas  h  blade  aUnit  JO  A  umS  in  m  maximum  vs  idth  .md  a 
rolled  {xirtion  of  Mir  trailing  edge  d*ent  from  I  he  sm  lion  'id* 
toward  the*  pressure*  side  about  >0ein  1ft  long  w  i?h  a  lip  on 
the  pressure  side  ol  maximum  height  A  to  n  mm  1  s  to  1  ,  in 
\  smaller,  lightlv  dimpled  pats  h  was  (  entered  neai  e.n  li  blade 
tip  along  the*  trailing  e-dge  se-e*  Tig  A  No  distress  was  louml 
on  the  pressure  side 

Propeller  cavitation 

Propeller  viewing  and  photographs  vvete  (lei.oruied  on  the 
AO- 177  using  a  pe'riseopc  pioiectmg  through  tin-  hull  wlmh 
provided  a  reasouabU  wide  lick!  ol  view  Photographs  ol  the 
pro|>eller  were  taken  for  a  range-  of  blade  angular  jvoMUons 
during  daylight  hours  using  ambient  light  ~  ( >rib  a  <Jev  riptmn 
of  the  visual  observ at  ions  is  presented  here  lor  the  lull  load 
full-power  condition  Photographs  and  sketches  n|  the  s  av  i 
tation  arc*  presented  later 

'  More  details  .,»«•  pii-M-nlod  in  a  I «-}*•»»!  ir-lnclcd  diMubunon  I" 
j  kt’llev  and  S  I)  Jessup  entitled  ({esulis  <>(  I 'r i •( h -lit  t  \  du  ition 
(  av  itation  Investigation  <m  l  S*s  (  irriforon  \(  >  i~  liming  \-  m  p 
lance  Trials  Mas  fust 
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( 'It unis  t»t  cay  itation  were  oliserved  on  the  suction  suit*  ot  the 
blades  from  the  0  7/{  to  the  tip  Violent  clouds  of  cavitation 
formed  as  each  Made  tip  passed  through  the  top  jxisition  ot 
rotation  Mach  cloud  formation  was  then  shed  downsticam 
along  the  starlMiard  side  ot  (tie  rudder  Such  formation  of 
suction  side  cloud  cavitation  is  generally  associated  with  vig¬ 
orous  eav  itv  collapse  In  this  east*,  eav  itation  erosion  damage 
wtuild  lie  rxjxvted  to  incur  at  the  suction  side  trailing  edge  near 
tfie  blade  lipasdisciiswd  In  van  Manen  IT;  and  Lindgren  and 
B|arne  Is  A  sharp  hanging  sound  oeeurreil  at  blade  passing 
frequency  .»nd  is  lielu-ved  to  correspond  to  the  violent  collapse 
ot  the  iavtta‘ioii 

Investigations  and  design  modification 

Scope 

The  pursuit  ot  a  successful  design  modification  tor  the  AO- 
tTT  was  guided  primarily  hv  the  results  of  model  experiments 
Tin's**  wore  alim*d  at  several  speed ic  objectives 

•  \en!v  tin*  cause  of  the  problems 

•  Formulate  and  develop  [Xissible  solutions  and  obtain 
(‘valuations  ot  them 

•  Determnu  the  most  exjx'dient  correetion  scheme,  and 
explore  the  consequence  ot  its  implementation 

At  the  outset  tin  most  pi obablc  source  of  the  problems  was 
thought  to  tie  hvdiodv namic  excitation  caused  by  intermittent 
cavitation  on  the-  pro|»cllcr  blades  passing  through  seven  ve¬ 
locity  exclusions  assm  iated  with  the  main  wake  shadow  Tliat 
is  airborne  noise  is  generated  bv  striicturelxirne  localized  vi¬ 
brations  i -a used  bv  fluctuating  bull  surface  pressure  (‘xcitation 
arising  |n*m  tin  pern -dually  collapsing  blade  sheet  cavities 
I’rojM-ller  lilaile  erosion  and  U'lit  trailing  edges  are  common 
symptoms  «>f  k  (-<ud  cavitation  (hat  occur  w  fieri  blade  sheet 
i  av  it ics  t  oi lapse  w  ith  sufficient  v  mleiice  and  proximity  to  the 
bladesuilace  IT  19 

The  met  b.iiijsm  producing  large  pressure  pulse  excitation 
and  attendant  pi«>|M-ller  damage  involves  a  complicated  in¬ 
teraction  ot  the  cav  dating  flow  over  profiler  blades  w  ith 
rapulk  changing  velocities  associated  with  wake  patterns 
hav  mg  severe  nonundormitv  Some  of  the  inifxirtant  details 
of  this  interaction  are  deMTiUtl.  for  example.  In  Muse  |20|.  anti 
in  mam  subsequent  studies  During  the  past  decade,  there  has 
l>eeti  a  tremendous  growtti  ot  literature  centered  on  surface 
pressure  rxiitatmn  and  resulting  ship  vibration  and  noise 
problems  Kelcreiii  t's  21  and  ‘221.  for  instance,  are  repre¬ 
sentative  ot  collections  ol  published  ef torts  devoted  to  these 
topics  (t  is  generally  know  n  that  steep and  narrow  mam  hull 
wake  -  haracteiistics  can  give  rise  to  excitation  problems  '2-‘V 
21  and  that  details  ot  profiler  blade  planform  and  section 
geometry  can  al-o  markedly  influence  the  excitation  levels 
The  (lit t it  ult  question  to  answer  is  whether  some  particular 
wake  together  w  it li  a  given  projH'lter  configuration  will  cause 
problems  at  a  given  qxed  For  the  evaluation  of  tilt*  AO- 1  .T. 
this  question  was  addressed  e\f  lenmeutallv  As  w  ill  lie  shown, 
there  is  a  strong  case  lor  attributing  the  problems  of  the  AO- ITT 
to  the  etlecls  of  unsteady  growth  and  collapse  of  sheet  eav  da¬ 
tum 

Possible  solutions  involve  changing  the  wake  velocity  dis¬ 
tribution  altering  the  profiler  design,  or  Ixith  I  he  several 
means  of  modifying  the  wake  distribution  include  bullxnis 
stern  designs  2.  2V  to  help  create  more  rounded  wake  contours 
tin  reduce  spike  like  features)  and  produce  a  more  uniform 
cireumfereuti.il  velocity  variation,  flow  improving  fins  ;  1,  2. 
2t>  29 1  to  guide  more  flow  into  tile  up|x*r  projx'ller  disk  region 
bv  increasing  local  axial  flow  sjieed.  upstream  profiler  duets 
1 29  Ml |  to  help  induce  a  more  stable  and  uniform  through-flow 
to  the  profx  ller.  and  various  tv  prs  of  wake  spoilers  or  flow  de 


t le<  tors  il  i2  l<>  induce  t low  change*  selectively  just  forward 
ot  1  lie  projx  Her  locution  A  bullxius  stern  w  as  not  pursued  as 
a  conei  live  measure  since  the  structural  changes  to  the  ship 
would  have  l*een  mm  h  loo  radical  and  expensive  Flow  de¬ 
flectors  sin  h  av  tfios«  noted  by  Hutherford  |25j  were  not  pur 
sued 

It  wav  decided  in  investigate  flow  improving  fins,  ail  up¬ 
stream  dm)  and  piojx'ller  design  changes  as  the  options  for 
ledin  mg  the  exi  itation  levels  on  the  AO-  ITT 

Two  basu  tin  designs  were  selected  lor  model  (‘valuation  a 
tunnel  type  i out igur  jtion  modeled  after  a  fm  descrdx'd  bv 
Kutheitord  2~>  that  was  successful  in  helping  to  relieve  ex¬ 
cessive  vibrations  on  a  rn<«lcrutc-b)o(  k -coefficient  refrigerated 
pallet  eaigo  ship.  ,oid  a  flow  ai  cclrialmg  configuration  sug¬ 
gested  bv  SSI’ \  I  me  draw  mgs  of  thi*y  fin  designs  are  show  n 
in  t‘  igs  o  and  T  Aside  bom  the  differences  in  shajx-  and  size 
tin-  tunnel  tv  | *■  hn  n  atuies  a  tipi  li -a  ranee  ratio  ol  iic  /)  =  0  12 
while  the  I  low  .w crler.it mg  Im  ha*  D  -  0  10  The  detailed 
design  ol  the  tunnel  fin  design  lor  the  A< )  ITT  application  was 
carried  out  b.  ) Iv dmnauhc.v  Iik 

FxjXTiuients  were  conducted  at  Itotfi  I)  I  \SK1)( '  and  SSI* A 
with  scale  imxlels  of  the  At)  ITT  hull  ol  identical  size  This 
made  it  [xwsihlc  to  use  the  same  model  profiler  i  DTNSK1X  ! 
Model  -tlvTT 1  toi  tests  involv  mg  flow  \  isualization.  pressure  pulse 
amphtud(‘s.  and  powering  Table  l>  summarizes  the  basu  di 
ineiisn-ns  and  conditions  nf  the  models 

Mode!  flow  visualization  and  wake  studies 

In  order  to  gam  pichtmn.irv  understanding  ot  the  effect  ot 
a  Im  on  the  qu.dit  .  »f  wake  flow  neat  and  appr<un  lung  the 
propeller  ajx-lture  How  v  ou.dizat ion  evjXTunents  were  jx*r 
formed  m  the  (  it  -lifting  W  ater  (  Tunnel  at  I )' TNSH l)(  with 
the  ptojx  lled  At  >  ITT  I’uxlel  at  the  appropriate  scaled  pmjx'ilel 
rpm  and  at  ti«  Frnudr-w  a  led  sprc«J  rorresjxiiiding  to  20  knots 
full  sc.de  v>  bod,  lull  load  and  ballast  conditions  were 
simulated  ^arn  tuft*  were  att.u  bed  from  Station  IT  .ill.  and 
to  the  r udder 

Fmni  observation*  *’1  unstable  or  reversing  tuft  patterns  it 
w as  jvossiblc  to  detci  t  reguMisof  verv  slow  or  separated  flows 
In  the  i  ase  ol  the  \< )  ITT  w  it h  no  fm,  and  with  the  as- built 
pr<>|xiJ!er  design  the  flow  along  a  narrow  strip  near  the  cen¬ 
terline  of  the  up(X‘i  a|H  iiun  vvas  found  to  show  some  variable 
»r  near  separated  flow  Ubavior  m  l*oth  the  load  and  ballast 
conditions  It  w  as  also  found  that  the  tunnel -fin  produced  a 
liohcealilv  less  variable  flow  Ix  havu-i  in  the  vicimlv  of  the 
pro|X*||er  | >l.i lie.  com pated  with  the  flow  with  no  Im  The 
skcti  h  ot  Fig  S  show  s  tin  \u|**i posed  tuf I  patterns  taken  from 
photographs  of  | } >«  poit  side  aft  oi  the  model  in  the  channel, 
l  ridiculing  the  hull  Mows  U-tli  without  and  with  the  tunnel  dm 
It om  tins  com oai  i son  the  discernible  eft e»  I  ot  tile  installed  tin 
seemed  to  \»  i  oncciittatcd  near  the  p.ntial  tunnel  underside 
when-  soveial  tufts  and  si  i  ca  m  I  Hit's 1  were  deflected  slightly 
dow  riwanl  I  loin  I  heir  original  orientation  Tins  corresjxuub 
to  nunc  of  Ha  butl«H  k  aligned  How  Ix'ing  directed  into  the 
|>r» >| x Tier  disk  region 

\\  ukc  survey  s  w ere  conducted  at  D  I  \S!t  DC  !  w  it h  the  AO 
ITT  model  ojm ‘rated  with  and  without  the  im  configurations, 
in  In »t}i  Hu  -  full  load  and  ballast  conditions  >4 ,  )  hose cxjx'i 

imeiits  wen  jx  rfoimed  vs  it fi  a  wake  rake  consisting  of  five 
•V hole  split  ucallv  headed  pitot  tulx*s  rotated  systematically 
around  1 1 1*  complete  propeller  disk  For  the  full  load  dis¬ 
placement  condition,  the  measured  circumferential  distribu¬ 
tions  ot  the  three  velocity  con i|x incut  ratios  of  the  nominal  wake 
at  i.idius  ratios  r  /■{  =  0  VS9.  0  55b.  0  TT5.  I  1)1  T  ami  I  ITS  are 
show  n  m  t  igs  9  through  I  ics|iei  lively  The  cases  inc hided 
are  (lie  A( >  l~T  hull  with  no  im,  with  the  tunnel  fm.  and  w  it fi 
Hie  How  ucceleiulmg  tm  These  plots  an*  ari angl'd  to  show  the 
effect  of  the  main  wake  shadow  m  the  center  of  each  graph  It 
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Fig.  7  Flcw-accelerat>ng  f»n  configuration 


— - WITHOUT  FIN 


WITH  FIN 


Fig.  8  Model  tuft  patterns  with  and  without  tunnel-fin 


Table  6  Model  hull  and  propeller  geometry  of  AO-177  (scale 
ratio  \  =25.682) 


Hull 


length 

length  on  waterline 
beam 

draft  (mean)  full  load 
material: 


turbulence  stimulation 


Propeller 

diameter 

pitch  to-diameter  ratio 
number  of  blades 


/. i'i*  =  6  527  m  <21.42  ft) 

Lm.  =  6653  m  (21.8.1  ft) 

H  =  1.044  m  <3.43  ft) 

Tm  =  0.:I74  m  (1.227  ft) 
wood  for  experiments  at  DTNSRIK' 
paraffin  wax  for  water  tunnel 
experiments  at  SSPA 
none  on  DTNSRDC  model 
1  -mm  trip  wire  at  0.05  /. wi  on  model  at 
SSPA 

f)  =  24.92  cm  (9.812  in.) 

(/*//»  =  1.25 

Z  =  7 


i  o  -o 

♦  u  f  * 

r-K 

\  AVX  DOWNSTREAM 

LOOKING  UPSTREAM 


•  WITHOUT  FIN 

A  WITH  TUNNEL  FIN 

•  WITH  FLOW  ACCELERATING  FIN 


F*.9  Model  nominal  wake  velocity  ratios,  with  and  without  two  dif¬ 
ferent  (ins,  at  radius  ratio  r/R  =  0  359 
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Fig.  14  Comparison  of  radial  distributions  of  axial  component  of  wake  harmonics,  with  and  without  the  two  different  fins 


is  noted  that  for  each  of  tin*  two  with  fin  \elocif\  patterns  there 
is  an  increase  of  the  axial  velocitx  component  V\  V  (decrease 
of  wake  peak)  that  occurs  localb  within  the  angular  interval 
10  deg  to  either  side  of  the  1 2  o'clock  position  The  distribu¬ 
tions  of  the  axial  velocitx  components  due  to  the  two  different 
fin  configurations  seem  to  differ  little  m  magnitude  and  detail 
There  are.  however.  noticeable  differences  in  the  distributions 
of  the  tangential  ami  radial  i*omppnent  ratios  V  /  V  am!  V*  V 
for  the  different  fin  t\  |x*s 

Kadial  distributions  of  the  harmonic  amplitude's  \\\  V)„ 
of  the  longitudinal  velocitx  component  for  harmonics  n  =  1 
through  N  are  shown  in  Fig  I  I  comparing  the  full  load  dis¬ 
placement  caM*s  of  the  hull  with  im» fin.  with  the  tunnel-fin.  and 
wfth  the  flow  accelerating  fin  Feu  the  lowest  harmonics,  n 
=  1  ami  2.  the-  amplitudes  are  sxstematicallx  rixluml  bx  the 
action  of  each  of  the'  two  fin  configurations  For  the  higher 
harmonics,  the  effects  of  the-  txso  fin  s\  stems  Uxvmi'  mixed  and 
apparentlx  subject  to  no  simph'  or  ^eiirriili/ixl  trends  It  is 
known  from  previous  investigations  and  extensive  comparative 
work  l  see,  for  example.  Ilxlarides  |A|)  that  the  reductions  of  the 


Tabta  7  Condition*  for  original  configuration  aipartmawt* 


Number 

Ship  Speed  Ship  Scale  Caw.  at  ion 

<  omhtion  V’tknotal  rpm  J  n 

Full  load  21  F  iW  t  0  77  4.7 

Ballast  2:t.2  MtU  OK!  :t..r» 


lowest  harmonic  orders  of  lire  \\  V  velocitx  field  ran  produce 
measurable  reductions  in  the  lex  els  of  profiler  excitation  due 
to  intermittent  blade  cavitation  Both  fm  coni igurat ions  under 
consideration  wen*  fouiul  to  produce  improvements  in  the  How 
to  the  propeller  in  the  upjxer  disk  tegtott  near  1 2  o  t  lock  1  and 
both  fin  wakes  showed  retimed  magnitudes  in  the  lust  two 
harmonics 

Propeller-excitation  model  experiments 

Cavitation  tunnel  ex|ienmcnts  were  earned  out  in  the 
Swedish  Maritime  Hesearch  (  entre  i SSI*  \  ’  runnel  No  2  w  u  i> 
tile  DTYSK1X  model  prnjirllci  of  the  \t )  177  o|M‘ratcd  Inland 
a  lomplete  wax  model  of  the  \< )  177  hull  Thew*cxj»etini«-nts 
mclmled  measurement  of  projicllet  thrust  and  t«'i«jue  svs 
tematu observations  of  the  profiler  caxitatmn  patterns.  k  heeks 
oil  cavitation  erosion  tcndciu  x  and  measurements  "I  the  pn- 
|X*ller -induced  pressure  pulse  ampir.udes  at  sexeial  |*>ints  ,m 
the  hull  surface  These  exjienmcnts  prox  uled  a  crucial  UhK 
of  evidence  that  verified  that  propeller  blade  mternuttei.t 
cavitation  was  the  iikclv  eause  of  the  excitation  and  initial  stage 
erosion  problems  of  flu*  \(>  177.  and  supplied  the  te<  hnieal 
Ixasis  f «vr  choosing  a  design  correction  lor  the  ship  from  among 
the  several  pmjmsed  options  I  he  results  of  all  I  lies**  e'jX’ii 
merits  are  recorded  in  references  I  VS  :V7 

( )rtgtnal  At >  777  configuration  Initial  exjienments  wrtr 
run  with  the  design  profiler  operating  Iwhmd  the  unaltered 
AO- 177  hull  at  the  conditions  given  in  Table  7  ( )bscrvations 

of  the  propeller  blade  cavitation  patterns  at  the  smmlaled 
comlitions  of  Ugh  full-load  and  tiallasl  displai'ernents  indicated 
that  extensive  sheet  cavitation  apjxearcd  on  the  outer  radn  of 
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FULL  LOAD 
o  =  4.7 


BALLAST 

(i  =  3.49 


- -  denotes 

limit  of  stable, 
repeating  sheet  cavity 

-  denotes 

limit  of  rapidly  varying 
intermittent  cavitation 


■<J 

/2  40 


Fig.  IS  Cavitation  extent  diagrams  for  unmodified  AO-177  at  full  load  and  Dailasl  con¬ 
ditions  [position  angle  v  measured  counterclockwise  looking  aft  (dcwnstieaml| 


cadi  blade  from  about  0.6R  to  the  tip  as  it  passed  through  the 
main  wake  Held  Figure  15  indicates  the  radial  and  circum¬ 
ferential  extent  of  the  blade  cavitation  during  one  revolution 
tor  the  two  displacement  conditions  Cloud  cavitation  pro¬ 
duced  In  the  unstable  breakup  ol  the  sheet  cavities  formed  in 
patches  downstream  and  overlapping  the  blade  trailing  edges 
around  the  (I  NK  to  0  OR  radii  SSPA  s  standard  erosion  ten- 
dene.  test  using  a  coating  on  the  blade  surface  predicted  blade 
surface  erosion  around  the  0  S5R  radius  at  the  trailing  edge 
The  pressure  pulse  magnitudes  at  various  locations  around 


E  c 

p 


longitudinal  position 

Pig,  is  Longitudinal  distribution  of  blade  rate  pressure  pulse  double 
amplitude  and  phase  angle  for  unmodified  AO- 177 


the  propeller  a|ierture  were  found  to  In-  rather  high  as  shown 
in  the  longitudinal  distributions  ol  blade  rate  pressure  liouhlc 
amplitudes  plotted  in  Fig  lh  Two  representations  of  the  same 
pressure  pulse  signature  ire  displaced  file  oscill(>scO[>c-rr 
corded  value  ol  maximum  peak-te  jx-ak  at  blade  rale,  and  the 
mean  of  the  highest  5  (>eri-ent  double  amplitudes  at  blade  late 
as  determined  from  Kouriei  analxsis  The  positive  phase  angle 
‘h  here  indicates  the  angular  ilclax  of  the  suction  [x*ak  occurring 
after  the  blade  reference  line  lias  passed  the  upright  position 
The  longitudinal  distribution  nl  (lie  phase  angle  is  nearlx  con- 
slant,  a  lx  pu  .d  attribute  ol  tin  fluctuating  pressure  field  Iron: 
cavitx  \oluinc  sanations 

For  the  [mint  on  the  hull  centerline  dtrcctb  over  the  [>ro|)eller 
t ijx.  the  variations  ot  blade  rate  pressure  double  arnplituiies  with 
slop  s[H-etl  arc  shown  in  Fig  IT  lor  both  full  load  and  ballast 
I'onditious  l  he  measured  nomas  ttat  mg  pressure  pulse  double 


PRESSURE  PULSE  OVtR  PROPELIER  TP 
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SHIP  SPEED  KNOTS 

Fig.  17  Variation  ot  blade  rate  peak-to-peak  huu  pressure  ovei  pro 
peller  lip  versus  ship  speed 
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PRESSURE  AMPLITUDE  FACTOR,  k, 

Fig.  18  SSPA  pressure  pulse-vibration  response  ^ « iterion  (from  ref¬ 
erence  1 27>/ 


amplitudes  art*  also  presented  in  Fig  1 7  This  latter  cornpar 
wm  slums  an  order  of  magnitude  increase  rn  the  pressure  pulses 
«!ne  to  blade  cavitation  in  flit*  high  qxvd  r  »nge  This  effect, 
tfu*  slow  longitudinal  diminution  of  the  pressure  amplitudes 
forward  anti  aft  of  the  profiler  plane  .Fig  Itvf.  ami  the  almost 
t  •  •nstant  longitudinal  distribution  of  pressure  pulse  phase  angle 
T !  g  tb>.  are  tvpieal  characteristics  of  the  excitation  prixlueed 
hs  Made  cav it \  volume  variations 

Simple  eritena  aie  available  f«»r  judging  whether  the 
m  a  let!  up  fluctuating  pressnrt  auipfitudes  are  excessive  from 
the  jM'int  «»f  sum  of  propeller -excited  hull  vibrations.  Tvpi- 
ealh  these  prex  options  are  b.isetl  on  correlations  U’tween  hull 
girder  vibration  levels  that  exceed  the  limits  recommended  In 
the  ISO  or  In  flic  pertinent  ailthnntx  for  tin  ship  tvpe  involved 
l  nfortunatelv .  there  are  no  known  elementary  <*riferia  that 
pertain  sfiecif  icallv  to  airlxvrne  noise  in  this  same  fashion  It 
has  fieeii  indicated,  for  example  In  Ward  and  Willshare  ;AH} 
th  at  excessive  aillx»rtie  noise  often  aceonilMliies  the  problem 
of  severe  aft -end  vtbralioriv  and  n  generallv  attributable  to  the 
same  (instead)  t avitatmg-proj»r»)er  excitation  It  lsiiseful.  for 
a  frame  of  reference  to  consider  tilt  present  problem  in  terms 
of  vntena  foi  hull  gnder  vibration  winch  deal  witli  the  lowest 
etui  of  the  pressure  pulse  excitation  sj>ec*nim  The  simplest 
criteria  are  the  recommended  single-point,  single  value  limits 
for  hull  pressure  pulses  directly  over  the  profiler  tip  The 
tvpieal  limiting  values of  blade  rate  double  amplitude discuss*  *d 
in  reference*  *  J91  are  in  the  rang**  2(  A/’/  =  15  to  20  kl’a 

2  25  to  5  fnii  Since  the  corn  q*>nding  model  test  value  for 
die  At )  177  was  found  to  lx*  alx»ut  2^>  kPa  '.4  : V5  psi),  this  seemed 
to  venfv  the  presence  of  an  excessive  excitation 

The  criterion  developed  In  SSP  A  i27i  and  embodied  in  Fig 
IH  is  based  on  a  correlation  of  pressure  jailse  amplitude  and  hull 
vibration  velocity  response  *\  at  th#*  fantad  centerline  ft 
provides  for  determining  limiting  values  of  prevsure  amplitudes 
that  depend  roughlv  upon  the  relative  si/e  of  tlu*  sfup  ami  upon 


the  tip  clearances  and  <jx.  as  specified  in  tfie  rhmemionjl 
pressure  factor 


=  2(A/V 


)0>/)2d; 

~  V  'a. 


w  here 


2(A i*/)  —  blade  rate  prevsure  pulse  doufile  amplitude 
(Pat 

P  =  propeller  diameter  iin  > 

V  =  volume  of  displacement  ini  '1 
r;c  =  vertical  tip  clearance 

(i,  =  horizontal  blade  clearaiue  measured  from 
midi  hord  at  0  SH  radius  forward  to  hut! 


This  criterion  was  develojied  from  data  on  slops  having  pro 
pcfierswith  fewer  than  seven  blades  For  the  unaltered  AO 
177.  using  the  mean-line  value  for  the  ISO  hunt  on  vibration 
velocity  of  (i  4  nun  s  (252  mils  si.  the  allowable  blade  rate 
pressure  fluctuation  over  the  tips  according  to  the  SSPA  cute 
rum  is  2(  AP/biio^ahu*  =  ^  7  kl'a  vl  41  psi)  This  i-  smaller  than 
the  range  of  values  allowed  In  the  single -jxurit  single- -value 
recommendations 

hi  an\  case,  the  propeller-excitation  levels  inferred  from  the 
model  tests  of  the  AO- 177  are  excessive,  and  indicate  that 
troublesome  hull  vibration  might  lie  expected  As  noted  at  the 
outset,  the  problems  with  the  .AO  177  did  not  apjvar  in  the 
form  of  large  hull  girder  vibrations,  either  at  the  fant.nl  cen¬ 
terline.  or  at  the  top  levels  of  the  deckhouse,  hut  rather  showed 
up  as  high-level,  low -frequency  mfioard  airfrorue  noise.  tram 
nutted  in  localized  structurefiorrie  v  ibrations  It  would  appear 
that  this  indicates  eith<*r  a  model  scaling-correlation  difficulty 
with  the  SSPA  iTilenon.  |x*rlups  Uvause  the  AO  177  projietlor 
has  seven  blades,  or  that  there  aie  unusual  characteristics  of  the 
AO- 177  structural  unjx-d.mcc  projx'rtws  for  girdci  vibrations 
and  airlvorne  noise  This  mav  also  lx*  related  to  the'  excitation 
frequency  ranges  associated  vvitli  the  wn;  hladed  profiler 
lx*mg  soinew fiat  higher  tlun  is  common  practice  foi  ships  of 
this  tvpe 

HxfU'rwwnts  with  ill !  mint  Hi'  (.stock  i  proprllrr \  Mea¬ 
surements  of  piojvllei  -induced  hull  pressures  and  obsei  vatiom 
of  cavitation  patterns  were  made  for  three  stock  profilers  on 
the  AO- 177  model  hull  w  ithout  fins  in  the  SSI’  A  watei  tunnel 
The  objective  of  th«*se  evjveriments  was  to  obtain  data  on  the 
infliienee  of  qn*uiic  piojxIMr  parameters  on  tin  cavitation 
patterns,  tendency  tow  arils  erosion,  and  pn>|ieller- induced  hull 
pressures  This  information  was  necessary  tor 

1  evaluating  the  relative  jxitenti.il  gains  ti>  Ik*  achieved  bv 

redesigning  the  propeller  and  bv  modd  v  mg  the  hull 
w  ake.  .md 

2  providing  gindanee  for  a  propeller  ivdestgu  hi  the  event 

that  tins  option  was  selected 

The  sehixfule  ihd  not  jierniit  propeller  models  to  lx-  designed 
anil  (null  sjuviticallv  tor  t  lies#*  exjieiinicnts.  therefore  tin  most 
suitable  stock  projirlleis  were  sohvted 

1  lie  existing  (slock  1  projiellef  models  were  *  hosen  m  an  .it 
tempt  to  represent  the  following  geoinetiics 

A  A  five-hladed.  21  -ft -diameter  qv  \  m,  full  scale1  skewed 
projvller  with  wide  blades  near  the  tip.  and  a  large  skew  gra 
dient  near  tin*  tip  It  was  sjvculatcd  that  a  design  w  ith  these 
general  eliaracteristn-s  would  fie  tfie  most  proiiuMiig  ait*  rnatne 
design  for  reasons  <h*serilx‘rl  in  the  wvlion  on  projx  lh  i  rede 
sign 

B  A  four  hladed.  2 1  ft  diametei  vt>  4  m  projieller.  prefer 
ably  with  a  skew  distribution  similar  to  that  foi  tin*  selected 
fivc-bladed  projxdler  This  would  help  isolate  the  influence 
of  numlier  of  blades 

(!  A  seven- tvladed  2.‘Tft-dumeter  (7  0  in’ projn'ller  1  his 
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AO  in  PROPELLER 
7  BLADES 
DIAMETER 
6  40m  »21  0  *»  i 


PROPELLER  A 
5  BLADES 
DIAMETER 

6  16m  >20  2  U  1 


PROPELLER  B 
4  BLADES 
DIAMETER 

6  43m  (21  1  ff 


PROPELLER  C 
7  BLADES 
DIAMETER 
;  04m  23  1  »t 


Fig.  19  Propellers  evaluated  in  AO- 177  experiments  at  SSPA 


: ' i 1  •{H-llf  w  as  selected  in  an  attempt  to  isolate  the  influence  ol 
< ii  ijnetei 

Ihcse  target  geometries  lor  the  alternative  propeller  were 
whvted  as  representing  the  most  t‘1  fectivc  candidates  t < »r  pio- 
.  a  ling  mlormatioii  for  improving  I  he  erosion  ami  airlmrne  noise 
•n  the  \<  >  ITT  It  was  desired  that  all  the  profiler  models 
have  values  ol  other  geometric  jura  meters  which  are  consistent 
a  ith  the  requirements  ol  the  AO- ITT.  est*viallv  extended  area 
r  ill.*  average  pitch,  ami  ra<lia!  distributions  ol  pilch,  skew 
tl.u  knrss  and  cuinlver 

Ihcse  requirements  could  be  met  onlv  partialis  w  ith  existing 
to- 'del  prti|H‘llers.  however,  in  most  cases  the  geometries  were 
'Utheientlv  near  the  desired  values  for  the  objective  of  theve 
<  \  j>eri merits  The  selected  propeller  models  are  compared  in 
I  tg  1()  The  U*st  available  four-hladed  stock  propeller  had 
nt  tther  high  skew  nor  a  suitable  expanded  area  ratio,  however. 

w  as  e\{ienmentaf(v  evaluated  in  an  attempt  to  obtain  some 
additional  information  on  the  influence  of  t h«*  numlier  of 
blades 

1  VHTiments  were  conducted  at  the  estimated  hill  |x*wer 
.  I  pent  w  ith  each  propeller.  corresponding  to  the  eon 
m veil  ill  Table  S 

The  cavitation  results  showed  that  all  of  the  profilers  had 
cloud  cavitation  near  the  trailing  edge  exrrj>t  Projvller  A  For 
Propeller  \  the  liack  sheet  cavitation  remained  as  a  clear  stable 
'tu-fl  d:  -I  merged  with  tlie  tip  vortex  and  collat'd  sultstantialb 
d.  >w  nstream  of  the  propeller  The  resulting  collapse  of  the 
d.«  1 1 «  a\  itation  on  this  profiler  appeared  to  lie  much  levs  \i 
■it  nt  di.ii>  ( in  the  other  profilers  This  tv  peof  liehavmr  should 
»*«  In-ih-Ih  ial  tor  redueing  both  the  temlenev  towards  erosion 
c-»i  pei  !•  >dh  hull  pressure  amplitudes  Figure  20  enmpa res 
it's*  patterns  on  the  model  of  the  \< )  ITT  propeller  w  ith  Pm- 
Of  lle-  \ 

P  «•  f.\  |Hithesi/«  d  mechanism  w  hich  <irives  the  sheet  cav  i 
i. it  ion  <  it  1 1 1 1 >| teller  \  to  merge  w  ith  the  tip  vortex  is  discussed 
1 1 1  die  set  t ion  on  the  promised  redesign  propeller,  however,  the 
•  ntrollinc  propeller  parameters  are  thought  to  U-  the  sweep 
iiigh  "I  the  leading  edge  near  the  tip.  and  the  chord  lengths 
nr.n  die  tip  Prn|ieller  which  is  a  rn#  kI«*I  ol  a  control  table - 

pitch  projK'lltT.  has  substantiallx  w  ider  blades  near  the  tip  than 
the  SO  ITT  projieller  and  Propellers  B  and  (  .  The  leading 
edge  sweep  angle  near  the  tip  on  Propeller  A  isslightlv  largei 
dian  it  ison  tlie  AO- ITT  propeller,  and  substantiallx  larger  than 
on  Pro|*ell«Ts  if  and  ( ' 

1  he  relative  magnitudes  of  blade  rati-  pressure  fluctuations 
measured  on  the  hull  centerline  direct  1\  over  the  profilers 
were  tound  to  In*  as  given  in  Table  9  The  reduced  pressure 
fulls*'  amplitude  w  ith  Propeller  A  is  consistent  w  ith  the  ol*crv«*d 
less  violent  collapse  of  the  cavitation  on  this  profiler  The 


Table  8  Conditions  for  alternate  propeltar  experiments 
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higher  pressures  a  ith  Profiler  (  an*  due  ptinloimnaiitlv  t-Mhe 
substantiallx  reduced  lip  clearance  with  ibis  profieJ'e* 

\s  discussed  in  the  sec hoi;  on  the  propp'd  redesign  ptojieller 
the  radial  distribution  of  loading  pit;  Ii  and  earnin'!  near  the 
tip  mav  also  have  an  influence  on  tlie  \  utlence  t  f  the  <,  a\  itation 
colfap.«*.  and  <>n  projx'JJer mdm  rd  bull  pressures  Piojx'llrf-s 
B  and  (  have  Mgnifieantlv  lew  piti  h  and  c.tuiU  r  i  eduction  near 
the  tip  than  either  the  AO- ITT  pMfieller  oi  l’t « »f vlb  t  A  whig 
21  However,  the  mlluenn's  ol  radial  dot 'but. on  of  loading 
near  tin  (ip  on  the  v  lolence  ol  the  iav  itation  collapse  and  pr< 
fK'ller  induced  hull  pressures  <  ould  n  <\  b»  isoj.iti  d  I  nun  these 
data  Uvaiise  more  than  o:ie  propeller  pai.omtei  wj-  .  lunged 
simultaneouslv 

In  conclusion,  these  exjierimeritv  suggest  that  if  a  projy/fer 
redesign  is  to  \ v  undertaken  desir.ibl-  >  ii  .r  t.  UrM u  -  tn  unl. 
blades  near  flu-  tip  w  ith  a  highiv  swept  leading  ••dgr  di< 
BP 

t  xprrwu'nt.K  uith  i «  uAc  imposing  uppem/ug*  *  I  vjtcri 
ments  were  conducted  at  SSP  \  with  thn-e  sets  .t  Uein  ap 
jMMulages  to  explore  tlie  Jiowibilitv  o!  non  lit  \  mg  and  obt  a  a.  me 
a  suHieieiitlv  improved  wak«'  sc.  that  the  [»»"|x  )Im  w.  tdd  not 
hav  e  1  *  *  Ih*  changed  In  aiidilion  to  t  li«  I  low  .no  i>  i  al  mg  Hi 
and  tin-  luniiel  txjTe  fin  designs  tlescnU-il  railiei  a  » ft  t .  <*  it 
upstream  thiet  eoiuept  modeled  attei  a  conligniatioii  diM  iiwd 
bxl  akekuma  iO  was  also  t  ousulensl  *s' a  I.  ,»n  upstream  •  It u  i 
has  U*en  shown  to  be  helpful  in  the  te'lm  t»<»n  "f  pr<»{«  '!•  r 
excited  vibrations  loi  full  ship  forms  but  n<>l  necessar.U  b  t 
slimmer  hull  forms  like  tlie  \(>  ITT  Figme  22  o  a  pi>.iilr 
rliawing  «-t  the  duct  htird  on  tlie  hull  indicating  how  it  w.o 
arranged  ahead  of  the  pn>|>e!iet  This  ihn  t  tratmes  nom  on 
slant  chord  lengths  around  its  fx*npfier\ 

( )lrserv atioiis  of  the  blade  cavitation  patterns  ami  measure 
ments  of  induced  hull  pressures  werecarnevl  out  bu  each  of  tin 
eases  of  the  modified  hull  at  the  estimatrxl  lull  power  tsuulnion 
eharaeteri/ed  b\  data  given  in  Table  10  Nil  these  tests  were 
run  with  the  design  AO  ITT  projxdler 

Blade  cavitation  patterns  corresponding  to  ojx’talio»  with 
the  two  tin  designs  show«*d  some  slight  shiltv  m  extent  Uab 
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Fto  20  i. \u.\r  .  f  eM '-I’ock  P'ope'tei  A  behind  unmodified  hull  at  simulated  lull-power ,  full-load  conditions 
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Uaurs  were  loral  cd  xxithin  tin*  diut  for  the  \( )  I  .  .  ex{vnnienls. 
the  magnitude',  of  prrssiif  ext  Ration  irxels  <»n  (he  inner  duel 
smtate  were  not  determined 

The  eav Ration  sketches  eolleeted  in  Lij*  ~d  illustrate  the 
i  halites  m  ^rtiss  t  ax  Ration  extent  anti  ejv Ration  apfX'aranoe 
tor  liie  simulatetl  luli-puwer  full  load  tijHTalion  of  the  un 
modified  hull  plus  the  three  modifYing  jp{H*!iduge  confi^ura 
t ions  The  sfi^fit  diH'ontimntx  in  ea'  Ration  extent  that  occurs 
in  the  Made  i  ax  Ration  pattern  for  the  ease  of  the  unintxhfied 


Table  9  Effect  of  propoller  geometry  on  pressure  fluctuanons 
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Fig.  22  Retrofit  duct  cortiguratioe 
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Table  10  Conditions  for  wake-improving  appendage  «ip«r  Intent*  p!.i  |,.s  _i|«.\*  'i  .i*  ’ !  ■  •  ’ *  ..t  !  f  th<  1  w ..  t m upjietidj::-. 

follows -i  dnluirtiw  pattern  Pmvlk  * >v **r  t h»*  ti| •  ill*-  pn*ysun 
\hdi!\:n*  |>ulv  lew  l>  remain  Lift*'"  1:101.  even  I!  i  lease  The  tunnel  t  n. 

VppemlnUf  Ship  Speed  w  „  ll  ..  ,  ,■!  I K  al  !  .  Ir.il :  •.  r  I  ,.t  1. .  f<  =  .  |  •!  .  Kill.  .-<i  .1 
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I  or.r-I  »m  Jt  '■  :•']  "*m-  :  w .0 ■  1  .it •-< I  alt  •  •!  tin  Ili-i  l  hr  f !«  w  .{■  •  <  it  r.itiiri:  1  ,.1  with 

l\i  t  r  til  ,1-.!,  !  I  '  t"  "  ,4  /  <  1  >  ill  I  »!•<!»;  I  I, !»  a  I1.1t  l< iw  1  I  J  M  •  xv(,j  <  |  ■  T  r  !r\ o! ' 
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iHlllp.il'  <!  i”  tl  '  '  I  ■(  I"  *■  •  ..»!•;  t  til»'  p|oj  •.  I.r-I 

hull  !>etw fen  jH'Mti' *11  a n>;lt*s  of  <H)  and  7tJ  dm  seems  t<  •  l>  o  i  j  Lin. 

f*  en  sni‘»othed  m  Hie  sequences  recorded  lor  each  of  the  aj>  I  .  t  ■  U  ft .  pi  l«»  1  \  1  !.«•  dw  1  «{ <j  H-udnUr  th.  dis!?i|... 

I  .ended  hull  1  uses  I*  rotji  A  tvial  obsenatu »ns  and  to  some  extent  1 1*  *1 1-  •!  p: »  ■*  01  pnUr  amphtuift •'  a!  i-omlx  a  Ion  14  Hr  1  all 

I  loin  phot  mi  a  plus  it  ap]**ars  that  foj  each  ot  the  ap|  .ended  hit!)  \h  \>.  • . !  .m  1  :  r  t  l.u  t .  to  .J »  nt  'id  ,  .  *  .  ■  t.'  ,  1}  1  h,  v  «•;-  "I 

.  im-s  show :i  thr  Made  sheet  1  a\ lt\  wjx  tliiuner  than  that  1  >1  Hu  •  <  •  t;. ; :.i .  \‘  >  I "  .  j»f n  <«  :ier  1 1  <t  1 :  ■  <  ■nihil. 
the  1  ay  of  the  uninoiiif  !»\1  \(  '•  177  There  were  also  not  let  al*l»  i  i.<  :r  r  a  •  :  »!«  .  .  :  • .  -j  »<  ii<  !i  1  u  <  1  •<  !  a  »  *  •' .  ?  1  ••  apix.i  >  1 ;  ■ ■» 

\frl  ti-irim-s  m  tlu*  eav  itv  termination  region  urai  the  •»!<..>  iiaii*’.  j-.-'ti  1  .'on  iN  i4.ule  (•  into:  ..i-.o-.,!,  ,|  | 

tiailmu  etice  In  general,  for  all  ot  tlu1  apjremlni  hull  1  an",  thr  J  .  .ou  1 1.»  •  .h'li  ..j  ;t -iiltjini  |  1  -  ui* 

1  vti  nt  ot  •.  !ou,l  1  a\ itatum  w a>  reiliu«*il  sin •  a  n  *u  I  ic  l  1  ■  ■ ! « -r t ■  i : iaf t •! *.  t * n  ::  j ' .1  t ; ?  pt «  ;!•*■«.  . •* 

1  rollon  leiulent  \  tevt>  \\  «*r«  >  arneil  out  wit  Is  !  hr  \<  1  1 7T  i  a  \  it  1  tin.  Likm  .iimI  <  .ivit.  \  •  <hnm  ili-lndm  !<  11  arr  noi  imii 
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*  ■  'ip  I  leaMI.'  l  MlM-'i.  /  *  I-  till-  Miulifvt  .  j  .ili  the  iriatlUf 

<  1(1  Mil' I H  ill -t  I  1 1  t  I'  .»’>•'!  I  !•.«•(]  tilji  1 1  w  NSf*  A  \  lllt.il  ion  v  1 1 
turk-ss  hr  seller  a!  applicability  t< »  pi« >1  firms  awm  Mated 
sue  '  >i\ ii.ttim;  |>r:*p»*i!»*r  (*\i  itatimi  then  tin*  fiow  acccleratmij 
‘  r f  i  ;m  !i"  i-nU  *  h<  -i  f  .  if  the  '»{>!»< mo  tested  that  pmdui  rs  an  at 
'■  j ’t.i! T-  U’\ «*!  cl  I’m  nation  The  rapid  redm  lion  ot  the  pres 
eir-  pi.i-4'  amplitudes  loruard  and  att  *t  t h»*  prop-ll,  i  )•  m  anon 
.o  xmi  w  Pfi  fmth  dn#  tosf»*d  (no  for  thr  \<)  ITT  e  an  un|jnrf,iMt 
■  fiplf..  t  I-  Mir  'sSp  \  .  ritrtlol.  when  it  O  appliui  to  i!!\e  Ullldalu  r 
n 1  i  ■  mT.Si  t.  «»l  a  ship  vibration  problem  U  ;t  h  the  situation 
"Mhc  \ *  >  S  TT  the  «  hen  r  of  the  flow  ai\ rlrratn.*J  ! m  for  the 
i  :i;ai  i  >rirrtivr  measure  was  math-  on  the  bans  of  its  peitor 
in. ''a  e  relative  to  the-  other  options  It  offered  a  likrk  enre  lor 
’hr  prol.lt  n is  w  hi l«  retaining  the  -i  mmal  piojiellri 

I'ioth  hi!  t  -out  munitions  wore  tonnd  to  intluetiee  not  one  the 
’  il.tdr  Mte  i  on, (huhmiI  blit  also  the  hickrl  harrm-im  loJlteill 
!  *he  lilu  tiiatirm  hull  prr’ssi.j.  <  lia: a«  tri  istn  '  I  ioji«  2~  >s 
a  :  ornparisttn  o|  the  first  three  h.u nmi a-  .  um|io*ients  o|  pressure 
T  ;Mr  amplitude  at  several  (Joints  around  the  pro(*eller  a(H*r 
•lit*-  presented  in  terms  ol  the  mean  of  thr  ”>  jhti  ent  hu»hrst 
amplitudes  determined  from  Funner  anaksis  The  data  appk 
I"  die  full  load,  lull  |>ower  «  -omhtion  f  -*  thr  Iwn  hi:  arranu*- 
Mm  rtfs  ami  for  the  oriental  \(  >  ITT  \>  the  punl  or,  the  hull 
ditr.  ti\  aU'Vr  fin  pro(«'||er  tip  the  »  ffrt  }  of  ea<  h  of  :!„  hits 
o  to  mi  f.i'f  the  set  ond  and  third  Made  iatr  liatinonit  com 
jjo'it  nts  2  A;u/ and  2Ap  ,/  relate*-  with  the  rio-tnu  jst-  Hus 
is  apparently  an  isolated  trend.  howrvei.  I>ceausr  for  all  f  In- 
other  |>omts  eotisidered.  U*th  forward  and  alt  ol  the  tip  plant*, 
t fir  rffect  of  the  tins  is  to  retluer  tlir  set -ontl  anti  third  harmonic 
eom(mnerils  «jf  pressure  From  -.pet  tral  anakses  ol  typical  hull 
prrssurr  pulses  the  rrdut  lions  of  tfir  2/  amf  d/  harmonic 
i  ornjmnrnts  due  ttJ  the  fins  tend  to  In*  irfjr.itrd  lor  all  thr  silk 


sequent  higher  liurmonu  components  up  to  fie<|iirm  ie*  at  least 
as  higti  as  1  kH/.  I  herefore.  user  most  of  the  hull  surface  near 
the  propeller  the  model  «-\(ieruiiri:tal  results  induate  tliat  fjotfi 
fins  pnuluee  [oweretl  overall  fltietualme  (tfess'in*  e\iita(n»n  m 
the  f  requeues  ranges  iin|Jortaiit  to  tfie  jirotlut  lion  nf  airUirne 
noise  There  Mvrn.s  to  1»- !h» clear  t  ut  advantaut  for  either  fin 
in  this  regard  The  U*tter  |x*rfurma!Ke  of  tf.r  fltiw  aiveleratim: 
fm  at  l fie  Made  rate  haifimnH  vv.js  the  M-^.iifu  .iii»  fat  tor  in  its 

1  hone  as  the  final  eorrev  tive  design  niixfif  ieati>  ti  t<  •  lx-  installed 
full  stale 

In  athhtion  to  thr  motfrl  rv(x-mnrntal  «fetn ruination  of  dir 
eautatm^  (Jfojx'llrr  r\i  nation  leu  k  t»f  dir  U>  ITT  analytical 
mve'fi^atxuis  were  carried  out  fn  four  mdrjiefiderit  groups 
under  con t rat  t  Some  of  iff{'  results  are  pr<*vr4«  d  i /r  App-ndu 

2  f'H  the  c.iM's  of  tfie  onmiiai  \(  )•  ITT  a  lit  I  its  modi)  it  at  ion  w  ith 
the  floss -.u  t eleialmn  fin  In  general  tfu-  results  mrrofjorate 
wfiat  was  determined  in  tfie  model  test'  *h.it  t umparetl  wpli 
tfie  unmodified  \0  !  TT  the  v.e.  itatim:  pr  >(m  Her  induced 
surf  ate  force  a  m  pi  1 1  titles  ami  t  as  its  thickness  and  \olurne  are 
fetlllt  ed  With  the  llilprosrtl  wake  and  with  the  hull  sha(»r 
t  haiu*t*s  mlriKhit ed  hs  tin  I  m 

Kesistanee  and  powering  with  the  fin 

Once  tfie  I  low  att  derating  tin  was  \i*lecte<l  as  the  tlesiCu 
modi! ication  t"i  the  \t)  ITT  tfie  irMstaiKe  ami  (jowrnne 
(H'lialties  a>StK  :ated  ss  itfi  it  were  tletei ini m  tl  1  >s  iimhIcI  evp-r 
uiu-nts  at  f>T\sHi>(  10 

Flume  -t'  sfiows  a  eoriqjariv <i,  of  tt,e  (mwenmi 1  har.it  t *  r is?  t<  s 
of  tfie  \<  i-  ITT  with  a  11ft  withotif  (!a*  flow  at  <  cjrratuiii  fin  i<<r 
tfie  full  load  dispkn ement  svitii  turn  o  >1  in  1  0  ft  down 
h\  tfie  l»ow  |  fir  (Urdu  ted  delivered  povvn  requir«-inrl|t  ss.». 
ilu  r«  asrti  m.jii,  w  fiat  ou*i  the  uni  u.  si  if  ied  hull  tfur  to  a  .  •  in 
km.itioli  of  UK  rrasetl  total  resistant  r  l’,  add  tli*i  rrasrtf  pro 
(Xllsive  eoef f  it  ie*nf  »// >  w  ith  tfie  f  m  \t  full  (••■wei  fhrs«  data 
indicate  that  there  wouM  U-  a  s|K*ed  loss  w  it):  tin  fm  of  aktut 
o  2  knot  sv  Inch  is  a  smaller  \  a  nation  than  die  ts  (»m.  al  at  i  uf.e  s 
.if  the  tow  i iiv*  tank  e\|H-rmients  l  orres(w 'iitlmm  mnpa!  n-  m 
tit  (jertment  (irojmisise  t actors  versus  spvd  w  ith  anti  w  it  let  • 
tlie  fm  are  displayed  m  l  m  1~  It  ap(x*ars  tfi.P  the  main  eft u  t 
of  the  tin  m  this  t  ase  is  to  reduce  the  etfei  ti\ e  w  ake  .  o 
e\(K-t  fed  result  There  js  also  a  r<*duction  m  the  relatiu  to 
tat i\ e  eft u  leiu  \  *?/.-  and  vt  rs  little  cfian^e  in  tfie  t»tfi«  r  fa. 

tors 

for  the  hallast  condition,  sv  ith  turn  I  I  4  in  i  ~‘)  ft  Twvlo 
the  stern  the  (josvenni: .  har.u  tel istu s  of  the  \(  >  l “T  w rh  : «» i 
wit  (unit  tlie  tin  are  ton  i  pa  red  ill  Fm  I  fief  e  w  as  a  ute.oufrt} 

Hit  n  ase  in  resistance  ss  ith  the  tin  hut  due  to  t  halves  in  all  tfu 
()ro(iiikive  I  w  tors  > see  i-  m  20  the  (»ro{nik»ve  e! I h  h  i,,  s  - 
is  mt Teased  soinew  hat  s<>  ffijt  i he  deh\ eretl  |S'«ri  le-pus* 
merits  .ire  at  t nails  iedue«*tl  t  ompared  w  ith  the  «  ase  ot  u.  •  ?  ut 
Theirtolc  the  sp-etl  at  till!  |n*wer  is  (iredn  ted  It-  lih  n.i't 
slmhtk  In  U  v  knot  ..mam  a  variation  that  lies  w  ;thin  tin  ts  pi-  .c 
at  t  mat  s  <*f  tfie  e\( x  riineht 

Proposed  redesign  of  propeller 

\  proposfd  I,  <|,  -mil  ot  tin  [  if,  lellei  '  was  pt  :i..-nltd  foi 
the  ship  ts  |  it  ted  w  itfi  the  flow  at  v  eleral  me  i  in  as  .t  j».  -svii.l* 
solution  in  tiieesent  that  the  fin  did  not  soke  the  ;n».hlt  !i>s  -s  it  ft 
tfie  eustiuu  pfop  llei  I'he  (>ro|s>s..,J  ;rdi-smn  <  oijsjdered  th* 
ii«*t mietru  t  hatat  l eristics  and  resulting  t  as  ilalx  n  (h  i ft  r mam  e 
of  the  eustnm  (>m(H*ller  and  of  the  sit k  k  (»rojj«  I leis  evaluated 
at  ssf*  \  However,  it  is  not  considered  to  In-  a  tin.c.  o  tles^n 
since  it  has  not  U-nefited  from  information  from  all  the  trials 
nor  has  it  U-en  tested  for  propulsion  nr  t  as  itat i* »f*  (ter f.  >r uiain  c 

'  IVm  iiIh‘(|  lii  .1  li-jmit  I -I  u  still  teii  ill'll  l!  mil, -M  In  S  |t  s'up.  *.ti",  .  ■ 
frelimiii.il v  Metlesiviu  of  tin  \ C  >  ITT  flop,  II.  i  lusj 
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Fig.  25  Variation  of  maior  harmonic  components  ot  propeller -induced  hull  pressure  pulses 
at  several  locations,  with  and  wcnout  wafce  improving  fins 


The  design '  oridifion>  s{wi  ihed  lor  lilt*  redesign  w  ere*  tin1  emir 
,c  those- tm  the  original  profiler  (Table  A*  except  foi  imnlili 
.  atn*f»s  tii  mtmim/e  airtairne  noise  and  erosion  \s  discussed 
J.iter.  it  w  as  also  i»m  essars  to  increase*  the*  maximum  allowable- 
blade  tre<iueiu*.  bearing  forces 

M  discussed  in  a  preceding  section  tin-  existing  At  >  ITT 
prof  teller  has  ntscii  blades  jud  relativeb  short  rhordv  es|xvijJK 
m  . if  the  lip  see  Table  2  Although  the  existing  propeller  lias 
IT  < l#*ii  of  protected  skew  angle  at  the  tip  tin*  skew  ancle  ills 
tribulion  is  essrntiulh  linear  from  the  nndradius  to  the  tip  The 
narrow  chord  lengths  near  the  tip  apfieur  to  reduce  the  ten 
defies  o|  skew  to  reduce  cavitation  'll  42  b\  reducing  the 
wveephaek  angle  oi  the  leading  edge  that  is.  the  angle  lietweeii 
(he  pro)<  i  fed  leading  edge  and  a  radial  plane  The  lull  scab* 
eavitatton  observed  oil  tin*  AO- ITT  propeller  ‘hnwed  a  two 
dnneiiMonal  c  haracter  indicative  of  the  narrow  blades,  that  o. 
little  radial  motion  of  the  cav itation  or  interaction  with  the  tip 
vortex 

\  v  a  nets  of  g«*ometrv  changes  has  l**en  suggested  to  reduce 
pro|ieller- induced  hull  forces  and  projieller  erosion  problems 
These  Mig^  ,*ions  are  summarized  as  follows 

I  Increased  chord  length  '  iSi  A  dramatic  change  in  tins 
parameter  could  lx-  achieved  lnvaiiM*  of  the  abnormallv  short 


i  liords  at  tin  u'<  *  I  ad; i  <«i  the  -  e-xiMing  piope-he  i  I  in  (easing 
*  hord  lengths  would  tednii  the  leading  p«-i  n: !  ar**a  "ii  tin 
blades  t hu •  n  dm  mg  •  lu  v. -hi me  «•!  cavitation  llediumgthe- 
nilinber  of  blades  lot  the  -.aihe  expanded  a  tea  fatf"  would 
produce  '.side:  blades  pissihlx  causing  a  greate;  three  d* 
iiieiistonal  cas  its  s!ni  tore  and  ted  need  v  j«  <iein  •  <  o!  lapse- 

Mm*  few  el  hldilrs  w  ouhl  hi  mg  the  design  i  !os«  f  I  -  •  1 1  aditi*  ‘Hal 
design  practice 

2  l  arge  skess  analion  neat  'he  tip  A  large  sanation 
*.  gradient '  111  pfoje.  Ic-il  \kt  w  angle  (i  neai  the  fdad'  hpwdl 
PJimIiu'C  a  lug  lib  swept  tip  Mils  t\  JH'  «*1  blatle  ■  lilt  line  vs  In  e 
heavilv  loaded  as  «k  i  ms  in  the  s' aki  peak  m.n  induce  tut 
bulent  M-parahou  along  the  leading  <*dg»-  extending  to  the  Made 
tip  II  this  i  h  curs,  then  cav  itation  I  on  ns  along  the  leading  etlge 
and  w  ill  Ik*  i  onv eeleil  into  the  tip  \ or tev  and  off  the  Made  It 
is  Ireheved  tliat  blade  cav  itation  i  ollapses  genllv  oft  the  blade 
when  it  merges  w  ith  tin-  tips  ortex  The  p:«-»  ess  ha-  W«n  ob 
serve'd  b\  jesMip  4d.  and  on  the  five  bladed  -{tnl  pro|>rIlrr 
i  I’rojx'lle'i  A  evaluated  on  the-  At)  IT"  mode  l  bull  at  ssp  \ 
This  tvjx*  of  blade  outline-  has  |n*en  slice -essjulK  ad«  'pt*'d  w  ith 
eontro/laMe  pitch  projicJJef'  h>r  rommrfi  ia!  'hip  apphi  afi«»m 
with  significant  reductions  m  pio|*ilei  induced  liull  \  ibration 

Id 


Cantos  at  Ml  Corrections  to'  Pr.  ^  -flier  f  x  Mr»,l  Anpoo...  *4. 
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RPM  AND  PERCENT AGE 


FULL  LOAD  CONDITION 


BAIL  AS'  NUillON 


OtS^ACtMENT  2 6  810  TONNf 
TRIM  0  31  mil  Ml  »  BOM 


•  M(  FRICTION  UNI 
C.  _  0  000?) 


WITHOUT  TIN 

WITH  HOW  ACCIl  HN 


til-.  I  NIC  T'-'N  4  M 


Ail  him,  i  <  ■% 
A 1 1 M  *  i  i  A  A  . 


.'o  ooo  i  •*  15  000  £  S  1  ^ 


<  y 

i  £  80  -- 

O  0- 


■  10  000  £  z 

<  60 


f  '  HPM 


y a 


12  14  16  18  20  22 

SHIP  SPEED  IN  KNOTS 


12  14  16  iH  20 

SHI°  SPEE  D  IN  KNOTS 


Fig.  26  Comparison  of  resistance  and  powering  properties  with  and  Fig.  28  .  cmpar'S.ir  .>*•***«•  i.uv  tno  \  •  >wt»=  \  •  ..  ee  ....  *  ,ii  <,n‘ 

without  ’low-accelerating  fin  for  trial  full- load  displacement  w.thout  ?iow-«n  ceiorulinq  I.r  Sn  o.ii'.i ,  ond't  <  ■ 


>  1 1 n  leased  i. Milium  neai  the  tip  IS  Increased  loading 
■  ii  tin  tip  will  if.-  rouse  llir  eav  it.it  h  hi  volume  and  I  lie  hlude 
iiMil.o  '  \tr m  m  whit  h  t  avitutinn  iKvitrs  ‘Hus  mas  tern!  to 
v  .■••use  «  n»siim  ufitl  the  violent**1  o|  the  euvitatinn  eol  lapse.  hut 
*>  i.'jui  h  iruilim*  sr,»i  tht  lip  in. i\  increase  the  prnjieller  in 
ft}  hull  hn  ces 

J  H.  du«  «il  l«  adim;  near  hlatle  tip  is.  II  In  general  re 
•  i  '«  ..iiin»;  near  the  hlatle  lip**  will  reth.ee  the  amount  ot 
i  v  »f  at  i*  m>  J'»o|*  Uej  m<  I  licet  I  hull  It  trees  mav  l»e  lie  retl’ieetl. 
-u  .  \ .  t  t lie  t  Het  t  of  tip  unloading  «>n  cav  itatmn  eiosien  and 
oitv  '  •»! lapse  is  Hot  lulh  understood  hi  some  cases,  tip  nil 
•  '.'.»nc  ptodi.i  es  untlesnalrle  unstahle  eav  it  \  t.  oil  apse 
•  h  ;  r  -awd  afii’ie  •>!  attack  ioatiuu*  w  ith  deerrased  i  amlx-i 


loading  IS  Hladt  ; mTi  h  i  aii  if  n u  teased  w  1M1  a  .  « a t ••vj * uidinc 
dei  lease  m  caniU  i  tesuilmc  m  unt  hatmed  pi  -puisj.r  p«  ; 
forma  nee  I'hts  will  alt*  :  the  piessuii  .  iistnhiitiun  <  i ,  the  I  d.««  t« 
set  tiolis  pi  ON  id  me  a  ie*-s  sev  e|e  t  hold w  w  pi  essiile  vi!  .i  •  1 1»  ■ ;  if 
near  the  trailing  etiu.t'  "hull  mat  l  educe  I  he  v  loletiv  e  *Mt  i 
i  tv  it  v  eol lapse 

Tile  appioat  ti  4  hosen  for  the  pioposed  tedesum  .■}  it.*  \t  > 
l  77  prop-lit  i  iihoi  |»»rate'  Items  1  1  and  ■  nit  o  >se,j  !..-id 
lengths.  .:n  i:u  feasetl  skew  v’.iadienl  and  s|;^hti\  m»  teased 
loading  aie  uitoipor  d-.d  neai  if'*  tip  :eCh*n  I  nix  av»  i.»o 
i  hot dw  ise  loath nv;  * * a  lesjx  *i ul 1 1 o_:  to  an  \  \<  \  ,i  1 1  s  me.iii 
line  .it  ideal  alible  ■*{  altaek  w  a- spei  it ie«l  «\hi«ltolht  s.ml(  ,,s 
was  s|H-i  died  tor  pie  r\|shnc  \ (  )  !  piojwliet 


WITHOUT  PIN 

WITH  FlOW  ACCEL  FIN 


BALLAST  CONDITION 


WSThoh?  UN 
vV  1 T  H  [DW  Ai.i'll 


BA*  i  AST  Cl>M1O:0N 


i  I  14  IS  16  1  7  18  19  20  21  22  23 

SHIP  SPftO  IN  KNOTS 


SHIP  SPI  I  0  'N  KNOTS 


.  nmpanson  oi  propulsive  >  ofdf'c  ients  wtfh  and  without  Fig.  29  v  omparson  vi!  propu'sio'  v  oeMu  iorts  won  and  w  the 
'ow  a*  i  ew  *f»nu  tm  t^w  trial  Tull  ioa<1  displacement  How  a.  ■  <*re»a?ing  fm  ’oi  .‘Milas!  i  onilitn'in 
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I  al«  illation'  «>t  iKf  I  I  fit  jut  '  .  *  f.o ;  ng  !  r  ■  t  '  w  til-  .,  ■« ) 

A  itfh'Uf  thr  fill  wrf«  ma»N  -ivot;  uliit  *•»<  diud'  .r#-*  !.  > 
design  « *t  tilt*  existing  prop  in  t  aiul  I'Mig  <  *.»*.«■.  Aitd 

and  W|t||nl.f  tile  t.T  V«  h  ig  !  1  111*  hniltah'li-  ..f  I  Ins* 

tiicl  1)«  t{s  w  ere  'Its*  1 1 sx ■«  1  iti  I  lie  i  ai  ■  ■  i  •  -  ill  is* «  f  i>  in  1 1  | ir<  i j win  ' 
ietult-  ,*f iti  design  I  In  s*  a ■>  nUlii-to  Midi,  atr  ’hat  n  .-id*  i 
v  i  4  *  t  i  •  >n«  i if  'i  tills  *  '  «  ‘  >.|i  •»  1 1  if  ■  ■.*  •  <  ->  j  ii'i  in*  i .!  -  1 1-4  :l  ir-.  * 

’  :  tla  r  ill  Hu*.  lr'igli 

{ir»tl  j>  *  t  '»"■»<-**  1  !■  i  *1.1  1 1  - !  i  1  1  n‘a  ’!».*'  Ifv  ilia! 

I  \  'IN  tUNI  II,  an  ! 

J  ‘alt  a,.t.»,U  ^  •!.&*  *1 4  -f  •  *  a  !'  •  i*  •  1 1 1  *  i  9  i  'lk.Hll  .  al’t 1  '.is* 

-Milt  ’  .!»•  •  *  .1  i<  .*!.  1  ’  ^  !  a  'll*  "a  1 1 1 1 

!>..»*•  j  *1  »  >  i  i'l  l  *-»  Cilia  »lt-'igi.  I  In'  I  n  a  i 1  ■  ' !  . 

’  •  •  >!  dn  '1*1  .la!  i»  h  ‘a  |»  • ! ! I ■«  1-1  .V  ik<  ha?  Ill  •  It  S  'V  •’  •  a: i 

»  "  *  •  ..  *  i  .  ;  i  .Hi*!  Mi.  i  .  ..  :  •. .. 

’  .4  ’  4.  K  I  .4  |  ■  i’l  ft  I  t  '  •  I .  H  •  •  **.  1ft  ••  .1  *  lit1 

•  .  -  f  a  !’  i  I'.i  •  *  ■ 1  ’  •  g  pi  *J  t  . U  ;  I  ill  1>  |.  ||  v. 

’*  >  t'  ■!«  *  <  -i  i  r  |  »f  •  1 4 ;  M  i*!**  i  ii  li.'iM  ai  1  ii'i'i.  i  in 

.  .  ;l.  f-  t.  •  ■  1 1 , 1 1 '  f..*d  f.’  ft  ir..  ft  a  '«  d  i !  a  i  ff.»  <  )  ■  > 

1 1 .  It  i!  •  i  *  |  .1 1 1 1 ;  i  C  i  tic*  )  ■•.»  n!  »  •  ■ .  •  1 1-  a  v  ) 1  •-  had  *  ■  It  t  • 

'  ■ ; ;i  *  a'-  .»  i« , .i •  ii >■  ,t •  f .  •  t  i  . lit  iff*  1  * i.a*  ' ' a  '■  i igr’  h iiti.a ■ 

■  if  -C  :•  '•  •Hal  I.  it  'i.t  V  *  1  t  .  >11-  I1  .  !  tl/  •» 

'  •  .  :■  i  ;  Jf'jf *  r  .  T  *  .1  ■  !  at  app!>  *  III.  I!»  I  .  ’."II.  I  A  I - 
:  '  i  ■ {  ** -t  f  w  h«  l,  I h*  >•/  CtlM>  design  v*  .i  •  .mini  I  I  .*  *f  *-f  i  >f  • 

’  '  l.i  Ml  II'  IJI  i  .lilt  Vt  al'lf  1  tl.il  It  1 1  t’.j:  .  ;n  v  *  * » •  *  l*-t  f  •  •  1 1 1«  « *  l  Mil 

>  I  i  n  *  lh«  If  a  a*.  1  w  id.  -  In  r  easing  lull  id*  *  ,  •(  Mat  It  -  A  '  1 1  j  1 1 1* 

,  ,  I  i  •  111  if  in  IC  ■  k  \  »tnm  H>  !•  •  m-w-ii  I  <ia  !•  .  .< !  •  • 

k\  SlMIH  III  *  •  ♦  •  V  ♦  '  1.*.  I*  If)  a- 1,1  f  -f,  Ml.  Mil  .  lif'  f. 

Mtl  ii?  .i  a i.l  l«>il!  v  il>t  a. i  ft  1 1 •  i.  *  t*  t>  \  -  ■  i  a*. 

*  1  •  tlirif!  I.  ♦  vt i »».  1 1« •  i .  : s  I :  - \ *  r  .  u 

,*fi.  Ail.siaiit i.t M \  r*l.»\itl 

*  III  t>Ui<  '  At  If  MII.It  >.  f  I'i.ihlf  t-  l  Hit  '.Hill  I.  AM  II'  a-  I  "I 
t*.»  •rit;inaUl«,'i»;ti.  .*n«l  v \fti  Matlfs  ami.M  l.itt  t  r|»t  .|t-.icn  *■> 

•  i  :.jti'i  *  I  it*  '.mu  a'  lilt  i  M'ltlic  >lf'l‘C*)  I  1  II  ait  Mit-a 
M;l  i  Mu-Ills  alivl  .ItitillH  tial  )•  '|»'t*s4  .  a).  ■  ll.*t »« •* :  -  Mi.nlt  -ll  ■  f  ,ltt 

l  SC  I  i.t  1  prnprlliT  il«*s|iu!i  IlitluaU  ilia'  ri.r'.m  lull!  cHtlt  t 

-  :!'•*♦.  'll  I'  flti  l.lfl^ft  i ,  1 1  '*  1 1  If !  ft  I  Ilk*  U  .1  ll\-  M.tilftl 

]»«*llfi  I  ivf  l»l«ii)e**s  \tft»*  sflt\  iftl  lafiit-r  tli.m  si\  U’t  .nisi- 

M.tilr  lrt*i|ilfiu  \  t  •  *r  i  li'f  M.itiftl  <  I-  hiril'fi  I  mm  tin- 

I. iiu*i t Mel i h.tl  ifsoiMiM  f  m  tin  :ii.ni'  pr i *( *ii |s.n >  s\sti  m  anti  U 

UiN'  It  a  I't  -  A  -  \\  It  If  I  t.  Ill »:  t|s  tt  ■  1h-  Ijsttl  tit  1  Ml  ( 1 1  >  ilia';  i|nt  > 
a  st\  Mat  It'd  pr.  i(«ll<*f 

Pm.  tf 1 1  *  ’  tt  ft  |  i  If  at  an.  .■  with  I  i**-  *  im  an.  I  ■  t*  .  *  .  nti-,,aitil- 
,s  tils*  m .st  . »  •  r  in uim  .*  tlfsiC’i  tl»f  i  at  f*t  :  t<  nl  t:  •  tt-rna" 
at  I  r?  ;  I  tt 

l  In  ’tfstCri  j  .  ti\i  t  M.im'iMC  a  t'l.liif  iHjtiilif  t'1 

IM.tMJlII/f  sUffjllui  k  tit  tlif  I  ll.it  it-  If  1.1'llC  f.  lc.1  llial  'Ilf  t  i  |  '  -A  lit  i 
vs  itlf  .  ht'riK  m  ill  tin-  tij  siil>|» a  t  In  tin-  loll,  a  me  .  .'iistiamts 

1  \  v  on  I  a  |  h  m  /)!#•*  f  fi(»  .  di;1  I  f « >m  »  utisnf*- 1  at  it  m  . 

- ! i f ; ; e ti i  aial  ilainailf  siisn-|*t si alitv  f  |H-  ulK  ,|tiiinvl  a-t.-ti. 
1'it.tloti 

2  Maintain  jKTinuk  M-armu  1 1 <i •  r-  t<>  I i .* -  m-w  sju  t  ihfti 
v  alut-s 

>  \ vi Mil  1 1 m*  hl.it if  tkfrlianvliiivi  tin  Imnt  aiul  hat  k  rtlt*fs  . >| 

t in-  h'lh 

I  hr  projv«N«-tl  hladf  shajH*  rr|»rt*sfntim;  tin-  U  -l  rnmpmmist 
>f  thf'f  i  harartr  nslK '  i>  slxmn  in  I’uiuff  >0  llir  Uarme 
fours  |t»r  I  !»<•  rrtlrsl^n  projK-lIrr  ptnlit  !«*tl  isimi  tin  s.inir 
plot  rilurrs  .is  ftir  thr  fxistimi  \()  ITT  pi.i|«-Ut*r  an-  Ci\«-n  in 
Itl.lrll 

1  11-  lo.ulmkt  m-ar  thr  tip  w as  s|iv»htl\  vin-atrr  than  it  \v as  lor 
thr  original  dfsign  but  shghtlv  Irss  than  thr  l.rrhs  opt, mum 
This  (iotnhutioii  wav  srlri-trd  in  an  attrmpt  tt»  rrilurr  tin-  v  i. » 
It- m  »•  of  tin- t  avilv  t  ollapv  without  f\t  t-sM\fl\  im Trasing  thr 
loading  ihmi  thr  tip  Hir  radial  distribution  of  thn  km-sswas 


IJ  /N 


M»  |  |S„A 
•  H  A  ,  1 


Fiy  30  ■'» i>*i'  si *«  ’  .* ■  .v,  ;.t _4,.t  ‘it>f  a  •*  im,;  s.  :  *.  it*.,- 

sf  i-  »*sl  it,  .  **ti;  jin  *i-  a  I,  1 1,.  :  t  •  j  i  a  -  .  1 1  si  j  1 1 , ,  ji  i,  -i ,  <t  i-  atl.ne 
t-  ■  ■:n  .1  -  r  •  licit.  f  j  t..  f:  of  r  ,  *  hiihMt 

.14  ■.ill'll  tl  !  M  i1  1 1  AS  t  •  «  ■  -lit  ♦  T  •  .  I  i-  'III  I  I  1  'll  I  .1'  f  '  »v  it  I*  a  *1 

at  j  -  -a  t-i  and  't  r*- ng* ;  n'f  ei  it  . 

I  .i  ‘,i.-  >»•  ■  •MMp.i.t  s  i i  .  c  1  ! : i*  ’ i  -  •  '  1  in  '  *.  't me  pi  «  '  : 

wi*t  !m  milt  'wnt  tl  pr«>|»t  lift  lit.  'iichtlv  s-  allt-i  t  1 1  ,  a 

»i,i  ft  ilfsigtirtl  |i-  Ilia  rt-'Mititj  tioih  tin  i  t*i  j  >  1 1 1  *i  m -n* 

t  M-t  a  |*'inltsl  !  -t.lt  [>[,')  ilf  nt-a:  t  ht  :  i|  anon  •  l  . .  ai,|. 

.  t'.'l  I’.  In  .«•  fin-  t:j  I  In  pjf.M  Mil  \  f-  f  "j!-l.  »li  !  *  :  :i  .,i.  - 

-  >1  '  (•••  t  A,  [if.  (>t!|f  '  -  1 1  c.v"  t  .alls  ft)  M' 

Pf  t  I  !•  -  f  -  k .  \  *  fit.*  ,*.IIg  a  l'1'tt—tl  ii'  '  -|Sf  < !  ||  1 1  lit-;, 
lifting  .  • !  a>  t  t  lift  *1  V  lit.  ll  id  Mill  I  tit  1 1 1 1  1 1  It  .  ii  t  I  a  >  1 1  a !  i  -  T  i 

I 'i*  >  .  *t  «t  t  tia!  i  ht  ;-i"|H>s*  *|  ii-df- ign  j  M"|  n|  n  i  a  on  It  I  it  dot  t 

♦  In  t  ladf  t  at*  tl'ili  pros' 111  t*s  n  .  appl  ■  -X.  atf  iv  "t 1  |  *  i »  .  •  :  >’  in 

Mini-'  a  •!  I.  !  In  t-Mstmc  | ■! . .( m  V - 1  1  ms  •  ft (ut  1 1>  '!•  --  prt-dn  * r.l 

l-  tl.  vsitii  tr*t|  4S.II-..M1  lir:  Ii  at 1  i •* i*  t.  PiA  pn-di*!*-.:  i,a» 
lit  [  If ,  I  •  .VS  ;  rd.  'It!  -4  1 1* !  1  •  ,  I  -'(  l ,  1  >  •••  •  >1.  1  kir  -I  ,t  |  a*  1  1  ■  d 
a  ill,  tii.  in 

I*  uII-m  ale  \erifu  ation 

I  -How  ing  tin  i  list  alia!  i.'ii  ■  >!  Ifn  t  i.  as  a  i  In  at  mg  t .  r  ■  on  :  ht 

\t  )  i  7~  at  I  ■  «!d  Nlnj  .  -ltd'  Ml  \lalllfd.i  l  ail  tor  Ilia  thf  s)n;  4\ 
ill  1 1  mill- lit*  d  |.  l  llif  a-M'1  U|f  I.t  -  ,  f  ait  In  •!  Ilf  liol-f  f  Im«  hl.lt  I l.g 
p«fv.Mifs  . >ii 'in- Im  Minle  rsitl.  mail  -liaM  t.'i.j  n-  and  pm|«t  lift 
4  It  A  me 

Airhfrrne  nuisr 

1  la-  gfiu-ral  If-nlt  "!  tlif  Im  installation  :>  a  t.  inn  tioli  li 
>  uipaitinf  nt  >  >.  !,i\f  dat'd  ii.im  if\fis  In  |o  tils  ->r  u .  -  •  1 1  n. 
spa,  .  aft  "t  I  r  afin  Ml  ft,  s,,m,  at'  a-  o |  ,i-  *i.f  'at, tail 


i - : f  * t  .tT.'iv  git'.iti’j  *ii..-  | *  ,  f  .a »•  •'  -  •  Mt- 1  u*  !< •  ? »  jlar  w  it hn i  t l>t 

•  lit.  iii 

!  x.impif  i ■» -  in par  ist  ,ii- ,  t  i la  •  ■  •  -  ist  -■  .  i-  t •  t ,  i r  t  if  u  .o  -  jm- 
Iflor,  and  .dtfi  tht  hi  nis».,l|.<ti.  i  ait  vM  '  "  I  'C-  >!  t1  r ■  »• 

i  I  Im  lu.it  d  .tit*  f  *n  i{  i  ...I1'1,  \  : .  ;  •*  rt  i,  if  ;•  -r.  <  »  M.  •  i  , 

IfVfis  |..|  »hf'4  pa.  I  '  I  Iv.:  it-  K  ■  1 .  1  •  >'  da  '  'tup  aP  '  i 

inboard  pmtHf  showing  .i  ,  "iMpat  Ison  ■  .-.<  ig-'l  I  ■  •  sv  *•. 

Table  1 1  Calculated  bearing  lorces  on  proposed  redesign 
propeller 

I  •>  \  r  '  •  i  • 

v I  1  fr . Mr.  "  a  !  '  •  . 

M-.i|.  I  N  0*i  ,  4\  ,k.  M  I  ",  '  ■  A 

k\  a 

'/•i 

I  '.ii,  ul.t!  i  r  -  I  --  ]  l|  A 


(dflJ-.f*-.  -,"!>(  Iii  li',  !  hr.  >pt-l!ff  |  ».  if.  1  A  •  {-  1  -  ') 
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FUU  LOAD  CONDITION 


fULl  lU AD  CONDO  ION 


- SPt  LIMITATION  CHITFAlA 

MO  TIN  94  A  PM 
- +■—  WITH  f  IN  94  A  PM 


- SPflTIHCA  Tt  ON  C  Alt  I  RIA 

-•  NO  TIN  94  HPM 
— -  AlilH  (IN  94  APM 


■>0i . .  "K 

1 1  S  6  J  JSO  SOD  1 0<T0  »’0<X«  4000  A (>OC 

OCT  AVI  BANO  CENTER  tRtOUENi  It  S  H/ 

31  Airborne  aoise  levels  before  and  after  fa'  installation.  oew 
Berthing  and  Dressing  No  6 


n  s  6J  /so  *>oo  1000  vooo  4000  «'■<» 

0(1  AVI  BAND  i  INTIM  l  RIDDEN1'  t|  S  Mi 

Flfl.  33  Airborne  noise  levels  before  and  der  hr  installation  ieeono 
Gear  Room 


i  inn  v  noise  levels  in  several  locations  ami  how  thev  varied 
w  ilii  distant  e  aw av  tr<»m  the  pn>j**llrr  v  remit  v 

I  VjwtldeTU  r  **l  airlnTm  noise  U|Mi|i  ship  sjwed  n>:  i  pm  i- 
i!!i|Nt;ateti  ill  hg  '?♦>,  sa  !h«  It  show  s  the  noise  levels  measured  m 

•  h<  'leerinc  r»rar  iimin  at  to  "*">  CH>  and  ItHi  rpm  tor  th<  ship 

•  !i  ballast  condition 

f  t  i  >.-!Jio  of  tin*  Iivmc  space'  t  hi  pn  >|  x  *  I  ■  r  noise  still  remains 
'hUi  ■  hvelv  anno*  me  nr  at  least  noticeable  ami  distfai  tme  »*\ re 
ss  :* t .  » f it  'liimhcant  rediu  turns  produced  bv  the  Im  att.e  hment 
Hie  imiov  ance  tai  lor  mav  U*  relaleil  •  •  the  teui|»oral  i  liarai 
’ciistu  s  of  pmjieller  noise  twine  nii*!ulatcd  a*  l*lade  Irevjuouev 

iMissihU  modulation  due  to  dnp  mot.oiis  m  a  seawav  \ki 
it  nn.st  tw  |x»mteil  out  that  despite  the  sails!  actor  v  jeduclinm 
i  •!  the  rin|\i*  to  values  at  or  Irelow  the  applicable  ci  itrna  It  \els 
n.  1  able  ">  the  \t )  1 77  t  alt  lie  indeed  to  lie  a  liois\  ship  Omtr 
iitdi  |X‘iidr*iit  of  the  \< )  !  77  issue,  the  l  S  \avv  lias  taken  ac 
•mil  recentU  to  lower  its  acceptable  noise  li  \rl  i  riteri.t  to  the 
a!'ir>  shown  in  Table  12  and  b\  these  new  stamlaids  .not 
1 1  -pin  able  retroactive  lv  there  are  spaces  on  the  \()  177  that 
iv  .old  require  further  attention  lo  produce  a  compl.  teh  s.it 
i'I.m  t*-r\  In 


Full-scale  propeller  cavitation 

It  ope  Her  \  lew  ini'  and  phot  -  *c.i  aph\  wen  .  ai  tied  .  »ut  dm  m. 

I  lie  value  perisr"|>e  s\stem  ! Ii.it  w  as  r»e.Ced  1<m  the  eai  in  t  * t  i.« !  ' 
The \ivihilit\ ami  plmlograpliv  wen*  not  as  i  le.tr  how.*>ei  due 
t«*  the  shadow  ot  the  Im.  mercast  w  eat  he*  and  po«  ;er  water 
clarrtv 

I  h.e  results  drsetissed  here  are  lor  tin  lull  load  h,!f  iwwer 
condition  Fvample  <  omparisons  ot  the  app-aram  e  ot  .  ,i>  • 
t.Pion  w  it  hot  it  and  w  ith  the  I  in  installed  .,re  show  n  in  lie 
I’he  line  sketches  were  pie  pa  red  as  »  oin|  «  mles  horn  mans 
photographs  and  are  prov  idrd  here  lor  U»th  the  cases  w  ilhout 
anti  w  it  l>  the  im  (  or  respond  me  sample  plioto^i  a  pin  a.e  in 
eluded  i 'iil\  lot  llie  .  .im-  without  tin-  to.  \i  at >  aiicuku  position 
ol  approximated  i"  dee  past  the  * ipw aid  \ ertical  l  ie  a 
the  ra\  it  \  w  it  limit  tin  tin  appals  to  tn  *  t .  n  ker  and  -  vten.h  n\ .  r 
shields  mole  oi  the  blade  than  the  .as  its  with  fh<  !m  \f  ’►<* 
dec  past  \  ertical  theiavitv  w  ithotil  ttu  Im  loiuis  a  !aic«  thu  !> 

‘  M  ae  ile'.i;!'  .ir-  p«  i.l.  .i  m  :  -  M  .  I  ••%!-.,  I.  I  i  :  (•  ,  -<i  !  , 
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noise  levels  before  and  after  fin  -nstallation  Crew  Fig.  34  Airborne  noise  levels  before  and  after  tin  mstaiiabon  f  an 
Berthing  and  Dressing  No  4  taa-Mc-in  Peck 


'  I* Mid  Nduml  the  trailing  edge  svhu.li  breaks  into  two  separate* 

•  V  sor Hers  With  the  tin.  a  thinner,  more- uniform  sheet  ex 
v  iuIm  low  list  ream  into  a  single vortex  At  <v>  deg  past  vertical 

J’u.*  >?(/>' .  the  blade  is  approximately  5  deg  ahead  of  the  ex- 
:|i  uated  point  of  easily  collapse  For  the  east*  without  the  tin. 
.*  'iibstantial  cloud  of  cavitation  can  I**  M*en  to  »rrti  fx*hrnd  the 
•  sits  sheet,  presumably  broken  olf  from  thr  cavils  sheet  at 
a  pres  ions  instant 

I  he  effect  of  the  fill  appears  to  have  reduced  the  tasitv 
v.  Iiinif,  mainly  by  reduction  of  cavils  tbirknevs,  Unause  of  the 

•  dm  turn  of  the  inaximum  wake  defeet  and  the  resulting  dr- 
’•  use  iti  the  angle  ol  attack  sanation  mi  the  blades,  espri  tails 

in  .it  the  tips  Tins  has  the  effect  of  reducing  U»lh  the  rxcm 
i »n\  i«l  low  pressure  I luet nations  near  the  leading  edge  and  the 
i 't •  nliu  tu >n  of  cas  itation 

Propeller  erosion  tendency 

I  he  projH’ller  was  ilisjKvtrd  in  drs  d»>ck  Use  months  after 
I  ii<  «*v  .dilation  trial  \l  this  tune,  approxunatels  .10  fir  nl 
i  mining  at  high  |dmr:  levels  had  lieen  logged  since  the  fm  and 

•  *  eplacemelit  propeller  ^original  design  1  had  Invn  installed 
\<  ■  es  idem  e  of  landing  of  the  trailing  edges  was  found  \o 
»i.>moii  due  to  cavitation  was  detected,  but  some  minor 

•  Urnplmg  and  burnishing  of  tin*  suction  side  duck  ■  surface  near 
the  tips  eould  1m*  seen  alter  the  blade  tips  were  washed  to  re¬ 
move  de|>osits  It  was  decided.  fused  u|*ui  this  m.xjxrhon.  that 
no  further  action  regarding  the  projxdlrr  was  necevsars .  except 
'•  ?  the  ihthkIh  ms|»rction  of  the  propeller  blades 

Propeller- induced  pressure  pulse  amplitudes 

Measurements  of  the  blade  rate  pressure  amplitudes  were 
made  *0  several  point*  on  the  fill  underside  at  locations  some 
"hat  off  the  centerline  that  have  minimum  radial  tip  clearance 
J  igure  VH  shows  the  longitudinal  distribution  of  blade  rate 


pressure  double  amplitudes  <  'inpaimg  ir.i-di  !  .  \[v 
results  with  (fie  full  s.  .tfr  (rial  rnr.ts.nrnirnf’*  at  (ini  }<• 
load  I  In-  model  results  .tie  the  maximum  osi  iliev 
corded  values  of  ^Ap/  III!  iudllig  ihe  .ist-s  V\  .*  h  .,1.1  ■ 
tfie  flow  .u t -elt  i.ifing  fin  i  fie  lull  >•  i  •  ‘r:.i  »#  v-.li>  < 
(filer  diflejent  tuns  ,,t  liMi  ipru  wu*.  p  o 

sallies  converted  t«  equivalent  d«"il  <e  onphtuiti  •  ' 
plication  bs  \  2  \lthoijgli  their  is  s.  .Utej  u<  di«  • . r ‘ 
and  soiru' «hMen  n»  es  |m-I  ueen  t  h«  isn  ig»- I  ■■■  -  • 

model  data  the  gent  i.d  'o  ini'  auii  - 
encouraging  and  seem  to  vents  the  In  i  .  ( 
tm 


i 1  o 
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T»W«  12  N«w  Navy  nolM  criteria  levels— pernilMttu«  airborne  sound  pressure 
(avals  (In  d 0  relative  to  20  ^Pa) 


Octave  Hand  Center  Frequency, 

Hz _ 

l"v  [m*  <>l  Spat  »■ 

VJ  ’ 

fill" 

U.r* 

250 

500 

1000 

2(KK) 

4000 

HfKNI 

Large  command  and 
ionirnl 

♦lb 

«:t 

6o 

r  - 

54 

51 

4x 

Small  command  and 
control,  and 
adnumsirtttive 
"pa* rs 

■<1 

-•» 

69 

66 

6.1 

60 

Medical 

7h 

♦'.9 

►a 

r.:t 

*;o 

54 

sh*>p>,.  M-rv  uc 
"p*n  fv  pa*s 
,md  top 

Mflr  M.itioti- 

S.K 

M'J 

'ii 

i 

7l) 

64 

\ta«  hiiierv 

u7 

91 

Sfs 

H.! 

79 

76 

Operating  experience 

0|H*rtifi»r  feedback  with  the  fm  installed  has  l**en  good 
\\  ilb  thr  i  rew  coinlut  imprnvcd.  i ht •  slup  has  lu*en  run  ex 
tensuelv  vs  1th  tin  sjxed  rrsli u  tions.  it  has  ex|K'neneed  no  ad¬ 
verse  effects  rii  its  maneuvering  pr<t(*rties  and  il  has  engaged 
in  rmuionms  underwav  replenishment  "iterations  \s  noted 
t  arlu  r  tin-  pr"|>el!er  erosion  It* ndeiuv  lias  U-en  noticejhk 
reduced  compared  w  it  h  I  hr  htnlder  s  trials  fieri  or  mat  ice  Thr 
ship  has  lieen  shown  to  i>c  acceptable  for  fleet  dutv  m  its  in 
tended  mission 

Conclusions 

•he  follow  mg  conclusions  direct  l\  applicable  to  thr  \()  ITT 
v*  rn-  draw  n  (loin  thr  noise 1  <»rrn  1 1« o i  program 

•  Hut (Hating  pressure  pulsrs  tiutn  intermittent  Made  i  ji  • 
datum  caiLvxf  thr  projvllrr  excitation  prohlrrns  of  thr  AO  ITT 
I  hr  situation  was  ullrihtitahlr  to  thr  rornhiriation  of  a  j*»nr 
w  ake  iftir  t<  •  the  after  hull  shapr.  excessive  unstalilr  t  ax  itation 
»  n  tlu  unfavorable  propeller  blade  gcometrv.  arul  thr  rrlativelv 
high  sjH'rd  and  jxiwrr 

•  I  hr  flow  accelerating  fin  roll! igtiratmn  was  clb-chvt  in 
redm  mg  hladr  rati*  hull  surlai<*  pressure  rxntation  dur  to  rr 
dm  lions  in  proficllcr  cavitation  caused  h\  improvement  in  thr 


magnitude  and  strrpnrvs  of  thr  iionunal  wakr  Thr  fin  also 
produmf  reductions  in  higher  hladr  ratr  hurrnouii  com  [aments 
model  valr!  of  thr  pressure  pulsr  excitation  and  this  trrnd  o 
hkrlv  resjuuisihle  for  reductions  m  structurrUiine  nojsr  and 
\  ihration  that  eventuallv  radiate  energx  as  diimtiidird  airl**rin 
noise  inside  tfie  ship 

•  I  he  flow  -  accelerating  tin  produced  a  signit  irant  nximtion 
of  inUiard  airliorne  noise  on  thr  ship,  to  levels  within  *|»e 
s|Hx  if  n  ations 

•  I  hr  projiellrr  hladr  erosion  tendency  was  nirasurjhh 
i  ♦•dined  h\  thr  flow -accelerating  fm  coni  duration 

•  Thr  flow -accelerating  fin  configuration  produced  negli 
gdile  fienaltieson  the  drag  and  propulsion  charui  teristusnl  thr 
ship 

•  Model  exjierirnrnts  indicated  that  reductions  «.f  pi«.|u  l 
Irr-mdiirrd  hull  pressures  could  Ik-  achieved  with  proju'llrr 
design  modifications 

•  It  is  speculate!  that  a  com  hi  nation  of  a  How  -impmv  mg  fin 
and  redesigned  propeller  could  provide  even  lower  surface 
pressure  and  surface  font*  excitation  than  was  achieved  w  ith 
t hr  flow -accelerating  fin  alone,  hut  with  hkelv  increases  of 
periodic  thrust  and  torque  lieyond  the  tight  constraints 

( >ther  conclusions  and  recommendations  are 

•  I  he  criteria  for  |  ter  iodic  thrust  that  du  tated  im;xiriaut 


/ 
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37  Comparison  of  AO  t  ’/  propeller  cavitation  (full  scalei  with  and  without  fm 
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details  of  the  AO  177  propeller  gruiiiWrx  nuv  have  to  Ire  re 
laxed  somewhat  for  single  screw  auxiharx  slop  designs 

•  The  excitation  from  propeller  induced  hull  surface  pres 
sures  and  forces  shouid  f**  determined  routmeK  along  with 
fearing  force  and  moment  excitation  as  t>art  of  tfie  ship  and 
propeller  design  process,  esjiet  lalU  for  single-screw  ships  with 
appreciable  wake 

•  (*reat  care  must  lie  exercised  when  the  nominal  wakes  an- 
predicted  to  exhibit  large  and  steep  jvuks  BuUkhis  sterns  oj 
ojirn  stern  arrangements  sIh'IiM  I**  considered  seriousK  in  earlx 
stage  design 

•  (  rew  accommodations  ami  otfier  occupied  spaces  w  here 
i  ritu  al  criteria  must  Ik-  met  should  lx*  located  as  far  from  the 
ptopeller  as  practical,  mu  h  as  in  the  de<  k  house  superstructure 
i  >r  w  <  •ii  i.  'I  w  aril 
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I’uhln  all' ai  M  v  i;*7s  pp  \  It..  \  >y 
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t  hunts  Xustralun  Bianvh.  Nov  1974 

>2  t.addH  K  "Kiev*  IVtlfvtors  X  <  i«.  to/  X  *i  »*  .•!  »i  i  I  /it 
\,uj/  \n  Nov  19S0  p  2  >s 

'»>  Hampton,  (i  X  Investigations  o!  I  it« U  •  \s >*i*-t  Flow  I  atteins 
Him  l  iirmrl  Km  (  ontigmaiions  fm  the  Nav.ii  Xnv/iiaiv  t  *»!»•# 
W  )  1.7  Represented  )>v  Model  ”>  >2l>  I  D.ivtdXX  |  , s  u»i  Nav  ,il  slap 
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Appendix  I 

Mriisurcmont  and  analysis  of  airhornr  noise 

\!l  .« 1 1  i  >«  >f  •  muse  nnuxuirnir’ltx  a  I  H  i.i  1 1 1  tile  \(  >  |“7  W  •  n 

mu  lo  w  itli  jntt  t.d'le  i  tis|  I  miiri  it  .it  it  >!i  1 1  iiis|s|  ii  tii  •  d  son  ml  i«  \  «•! 
n  ir Iris  w  itli  is  t.iv  *  l  '.nrd  .oi.dv  sis  i  ,ij».d  nlO  v  a  ml  t « .tah  tori 
om  rn|>h,>iH‘s  I  hr  must  tj.O.r  weir  oi.tho.dlv  t.dni'ahtf 
XX  In-re  inusr  irveK  varied  will:  Ion*  the  un  to.  disj'L.v  v.is 
visoallv  uvrt.tced  « *vri  .r  |“'M< wl  t v  pit  allv  ill  '•\o,\sn|  1 1 1  ms  •  un is 
ft>l  t  a*  1)  data  rlOiv  I  ills  ,i|»|9ir.n  ii  u..s  used  t  i >;is|str»it!v 
dill  i  MV!  all  tin-  tiiah  vv  heir  aill'orm  in|st  vt  as  tut  asutrd  ami 
t  •  Ulljtansoti  ot  thr  lia'a  with  .  ■  uii  j»ai  •  oil  Hi  Tltusr  ttOrira  is 
v  nllsidrird  \  tlttl 

Xlllstjtie  muse  Ii'e.lsitii  ineuts  welt  takeli  ,0  !<s  .il!ii!.s  l  e  J 1 
irsritt.itjv  «  ot  ilia  ni  ted  |n»sil  n  Mrs  within  tin  \  nil*  nts  set  v  <  \  <  d 
ei  >in  j  ui  tine  i  it-  in  I  tel  tin  uii  and  tlirssnto  spa*  (s  iMeasuieou  nt' 
tvpn  .lllv  weir  taken  lira!  two  hunk'  Me.i'UH'fUrr'1  )m  alj..jjs 
were  srlrt  t«sl  on  the  Imms  ni  rmiiOnMialit'  witht’  I'udtiri  ' 

1 1  i.i  Is  noise  sin  \  r\ 

I  hr  Navv  s  aoixniir  noise  level  v  riteiia  air  assmurd  K 
siiiplnv.irti  sjurrs  nil  tin'  l»asjs  nt  rnm j :.n  t  mrnl  "|»ri atiniial  ir 
ip n rr merits  PrjH  iidmv;  on  ihr  1 01  it  InMial  ii.iIum*  ot  thr  sjt.u  i 
I  lie  m»|se  rnlrt  la  air  llitrndrii  In  till  III  ill  l/r  |H9s*»niirl  lir.tMOC 
ilainaur  nsk  ini  (•\aiiijdr  m  mat  inner v  sjuers  allow  n  !ul»)t 
‘  |H‘rv  l»  r«>mn*ioiii  atmt:  as  m  ut  lit  e  and  t  •  m  ■  i  m.o  it  1  and  >  nut  ml 
spares  ami  |>rti\  nlr  Ini  irjM  hal»lr  lial 'Oahilit  \  mhvntc  mess 
ami  let  rralmnal  arras 

I’alilr  ">  show  s  llir  sjm  *  it  n  ,ml*t*m*  nnise  i  ntri  ia  mmlavr 
Hand  levels,  w  lm  h  weir  on  Imlt**!  in  tin  \(  >  1  ship  tuiddm;: 
sjirt  it  it  alinii  Herriit  «  liancrs  m  »h  *  uj*at  mn.d  nnise  rt'iilini 
and  lirannvi  r*»i.sr! v alien  rripnretiirnrs  Ir.ne  est.ddisheii  .n 
t  rjit  ililr  m  use  levels  I  *  >i  slop  spares  win,  h  air  t  i'iisnhi  al'lv 
I*  »vv  ei  l  lull  !<■'  e|\  vjsed  in  I  he  \(  >  !  ’  ,  a  ml  >4  he  i  sjsi  it  u  at  mils 
w  hu  ll  vv  ere  vv  rOten  pun!  It.  l'»sl  i  n  efinj'iv  vv  »th  |  ul>ii>  law 
and  nlliei  «»|MTalu*n.d  iH'etls  tin- Navv  Immallv  >ei  m.ivimoiu 
allow  aide  airl^une  in  use  level'  l"i  'i\  ildtt  n  ni  .  .ilcti'ius  nt 
sin  pi*  Mr  d  spares  lllesr  eiitma  I  irst  es|al»i|slir*l  a' «1H  X  liveU 

and  tllrn  expandiui  tn  tav«  Iwful  level'  .in  vhnw  >■  m  1  d'»* 
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Appendix  2 

Results  of  analytical  investigations 

part  of  the  program  of  investigations  for  finding  and 
verifvmg  a  cure  for  the  problem"  of  the  \<)-177  predictive 
calculations  were  commissioned  from  several  independent 
sources  It*  stuiR  the  propeller  blatic  cavitation,  and  estimate  the 
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piojieller  excited  hull  pressures  ami  surface  forces  I  his  work 
was  undertaken  to 

•  provide  coirolmrative  evidence  on  the  cfiaiacler  of  I  he 

inihal  cavitatmg  propeller  How  and  it >  alteration  ii\  the 
proposed  fi\ 

•  obtain  some  idea  of  the  correspintleiice  Iwtueeri  levels  of 

proprllc -i  induced  hull  pressures  and  hull  surface  forces 
that  give  rise  to  troublesome  excitation  and 


WITH  FIN 


VORUS  &  ASSOCIATES 


Fig.  39  Computed  distributions  of  blade  rate  pressure  amplitudes  with  anil  without  tin 
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Fig.  41  <  omputed  predictions  ifrom  DnV  (9f i  of  vertical  surface  force 

0**’  .mu  length  a!  nlailf  rate  and  twice  made  'ate  w*»h  and  without 
flow  accelerating  tin 


•  "I *l.i m  correlations  iK-tucm  measured  ami  predicted 
«  a*  itatinfi  patter  to  a  tul  im  II  pressures  >  *u  a  realistic  e\ 
ample 

hlii)  ai.tl  ptopellri  i;e<»meti\  ami  sjuvd  jxiwer  data  oorre 
s|H uulinc  t -  ■  the  I  nil  mower  trial  {nil  load  conditio  .is  ( i >r  t m >t h 
the  ;*i ujmat  \( >  i 77  and  to;  the  \(  >  1 77  with  the  flow  aicel- 
eratin^  fin  were  supplied  to  the  Dawdsoi  Ial*oiatot\  IM. 

H i dr-RUei •Irani  >\  !ne  .  II J  \  i*i n.s  ami  \nvh  lates  hr*  \  \1 
and  I  >et  n*  -rske  \  ei  Ma-  DnV  These  groups  \x‘\  foi  »ius|  onulai 
-.  alenlat'oiis  ionic  flu  ir  evodrit;  procedures 

I  he  I )a\ ulson  l  ,a!*orator\  t esiilts  l>  in  weie  ohlanH**!  umiic. 
ahull  projxlier  anal\  so  ptojirarn  J7  w  hu  h  ,u  i  omits  for  file 
!xmndar\  tel  Section  cl  tec  ts  * *t  the  hull  shaju-  j  lie  nrirw.ih 
s  el*  Hit  \  potential  Mi  pi  its  .tppmpi  late  loi  ,ii  ax  It  at  I  tit;  propeller 
vt  ere  deter mined  mint’  a  ijuasi  ste.uh  two  dimensional  •  -.i n  its 
lieu  t!ieot\  and  an  approximated  propagation  lunetioii  Im 
model  (lie  ellect  of  the- entire  projxdlei  The  )  >1  approach 
made  |'os\ihle  the  simulation  ol  either  a  iitpd  Pee  Mirtaee 
ei *miition  or  a  pressure  In  ,  ••mf.iee  condition  at  tire  location 

ol  tile  /elo  sju’ed  waterline 

I'he  resnltv  I rorn  H\ dromechaim  s  hu  :  is.  to  wereiained 
out  usint;  l he  approach  desenlred  in  rcleretire  50  \s  Im  h  etn 
plow  a  (juasi-ste.ul\  Mow  an.dxsis  to  model  t hi*  caxitatim:  hla*le 
m  i  tsons  ami  a  strip  theorx  to  descril*-  Mu  effects  of  the  entile 
proj  viler  \  httmvj  line  solution  was  used  in  this  case  to  obtain 
the  sir ad\  loadiml  solution  misled  to  estimate  flu*  nontax  itatmg 
elfectoc  can  liter  and  angles  ol  attack  The  resulting  Huctu 
ahm*  free  space  pressure  held  \ahies  were  multiplied  In  a 
hirtoj  t  ss , » to  arc*  mnt  approx  i  mat  eh  |<>i  the  piesence  ol  t  lit  - 
Unix 

l  he  results « *1  \  or  us  and  \sv<  lafes  hie  51  .52  weie  «  ariuni 
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■  >ut  vtith  tilt*  thmrv  in  frlrrt'tkr  >v  I  hr  nvtproritx 

theorem  emploxed  h\  \orux  ret»t>ts  the  problem  mtu  a  form 
-tu  h  that  tht*  surface  lours  art*  calculated  direct  I  v  rathfr  than 
h\  means  of  integrating  thr  pressures  oxer  tht*  hull  surface 

I  full  dupe  t*f feels  on  tht-  lm  al  Umndarx  reflection  pro|**rties 
are  accounted  lor  Fluctuating  pressures  art-  computed  inde- 
jxndenth  of  tht*  hj-n  surface  t  *rrr t  at*  ulution  scheme  I  fir 
calculations  also  emplox  an  uiisteadv  avitation  dxnanncs 
anaksis  to  >olvt*  fnr  the*  ellrtis  *•!  t  ax  it  ,  •  ross-sectiniial  area 
variations  to  1m*  mi{ H  rjmx  tl  on  tht*  nmuav  itahng  Made  loadmg 

elfrx  *s 

l  hr  [)n\  results  li  emplox  at»  unsteadx.  nont  av itating 
vnilrx  fattier  lifting  surface  ihrnrx  fm  thr  Made  loading  effort- 
using  an  approximate  at  \  minting  lor  rlhi  live  wake  l  list  eadx 
cavitation  rile.  I-., It-  modelled  with  pint*  dependent  source 
Uistl  ii>l|(inlis  «i\ri  the  |  Ml  iris  ■  »f  t  fit*  lilting  surface  Jhe  IlMal 
Irrr  sparr  I  hit  fuaftng  pn ‘sure  value-  w<r«-  multiplied  In  a 
tai  tof  nt  tttn'i  .»v  i  mint  tnT  (hi  plest-m  r  nl  thr  hull  tirai  thr 
ptoprllrr 

I'hrsr  meth-xi-  wrir  and  still  atr  in  \  ..nous  stages  ol  dr 
\  i  lopmrtil.  therefore  miiihhI  1  In  I  exult-  alt  to  In-  \  lew  ed  as 
prehrmnatv  and  in  need  «•}  Ju/the:  »«•! m«  mrnt- 

1  ongitinlina!  dot  nl.iihmiN  I  M.-l*  rate  pressure  am  pi  it  mh  s 
at  I  Hunt  -  along  (In  jx  •:  n  -ei  t  oi<  an  show  n  m  i  ig  pf  i  orn 
{  a  ring  n  suits  ot  lli*er  o|  flu  j  nedji  t  )  \  e  iih  t  hinls  hot  t  he  «  ase 
with  tm  !  hr  \n  >mt-  ..|  >:  I.  lost  ale  •  It  t  In  tehtellmr  where  the 
tin  undersmtare  i-  .  io-» -1  l,  the  ptopellet  disk  l  liere  is  A 

■  lr,»lj tat K  v.mati.  i.  >i  . . ig-i'tiide-  •  i  the  pressures  preda  ted 

h\  ■ 1  ,i  »  1 1  |0||S  *  III  l!‘a*  :•  "  >■  h-.  1*11  •  I  ot  the  ease  W  it  hot  it  the 
l‘l-  1 .  i  'he  a*'  u'al  !•  n  pill  e.l.iles  piedlt*  plessiite  amplitudes 
■t.ii.iu  >!  1 1  si ■  •  >.,  I  i  s-  :  »  than  Mi  ox»  mea-med  III  tile  v*y'l*  \ 

•si'*l  1  Kill  1  I  !  I  ..  M  a  .1  ;  in  t  ill.  I  III  piedliliotisare 

-■  I:  I*  w  I  i?  I  lost  r  !•  m.-de!  o  :  t  i’ll  ale  measiil eiuenls 

1 '  s.  ism  d  pre\..  * :  •  i '  ’hi-  i ; .  1 1  i|i  data  haw  ronslilri  ahlr 
i  a! '•  "• 

I  i 1 1* •  •  In  piesi  u.  -  !  h  , ••  do  1  d  Made  late  and  twnr  Made 

t  i*i  1 .  i »  Moiin  s  . .t  t ! M  i  •  lii.m  I oi ,  i  »  mi 1 1 n »in  ut  amplitudes 

ii  du.  •  -  I  h\  tin  i  a*  il. 1 1  r  r  ■  v*  pn  *  Hi  i  i-  de,  Itlial  1 1  at  t  it  m-  i  <t  the 

!*••■..  v  i  ragi  pi  >|i  hi  •  ihi  !i-t  /  \g.iin  du  o-  is  i  ons|dei.il>li 

V  e  ..it  1  ‘U  ,1  I  lie  aiupiii  ndi  -s  pi  f  d>.  oil  1 1 v  tin  \  at  ions  methods 

I  >t  f  in  i  .i s«  a  idii.\*  tht  *ii:  ; »i •  d;i  lions  1  loin  1  )|  .,nd  H  I  in 
du  at* •  lh.it  vrltu  al  too  i  is  mole  than  .4  lai  lor  ol  IP  grealei  than 
the  1 1 1 1  w  alt  ship  lot.  ■  a  to  ■ .  \  \  I  pn  du  ts  that  the  veil!,  al 

l  "ii  e  i  s  •  »nl\  -llghlh.  iatgel  lh.il.  li.e  athw  rftshtp  mil  e  |)|  and 
t  1 1  |  'i<  iii  i  Mi.il  'In  n  :  ♦  i.  .!  t  •:  i  i  •  ■  el  o  u,; ,  ,J|..  gel  ‘ iiaii  t  lie 
a  vial  toil  e  and  V  \  1  did  n- >1  >lu  In.  Ji  tin  iMal  l«*!i  • 

l-i  t*'i  impoitanl  \<!tn.d  Ntiifu«  .ompntiint  lil 

pi  i -tlii  ! '  t  hat  the  Madt  I  ate  aliiplit  iide  w  if  I -  out  the  hn  o  greater 


Table  13  CaicutatrKt  effect  ot  tin  on  tertical  surface  force 
component 

Prethi  ( !<■? 

M.-thoit  J\  , ,  :r  i  7*.' 


1  »li\ 

HI 
\  \l 


than  dir  pn  i|n-llel  till  rjsl  and  !|  I*  *  hail  i  P  '  .llle-  greater  than 
the  eon  rs|>i ‘lulmg  piedu  tu  >ns  n\  I  >1  •.  r .  •  t  \  \l  l  lie  prrdit  ti  <u- 

ol  di«'  Made-  faf<  harruotia  -  >1  »«  ffli  a!  iof  r  !  i  1  H  a  lid  \  M  He 

•n  good  agreement  hmu m  i  1 1 «*-  t w  u  «•  I •  l.t •  j <  rateainphtinh* 
pin lutr’vl  I *\  Ml  i-  <>\  <  i  1  ■  ui  hi  a  -  i-  larg*  a-  fh  pi i*i)n  t«*d  1 1\ 

\  \! 

!  )«•{  norske  \  o/ifa-  >  hd  ■  aJ<  u'.il*  net  -iii!.i,  i  J.  r.e 
i  oi  ii  pm  lent  s  preh  rtmg  m-*i  i  !  'h«  pi«it..  *  i.  n  ■  t  v«  •  1i«  al  ur 
lai  r  !<>ne  jx-j  unit  lengtli  shown  n.  I  \c  5  !  1  '"th  'fix-  d,. 
treiuls  ol  the  veltl*  al  s-if  ta«  i  t  ; .  >  an  ul.<  let  Mo  Pi  A  >  an  If 
I  oril  pa  red  Wl*h  th'  -  lorn  -|«i>niilUg  tren'l-  pie.  ill  led  In  the  ol  In  i 
three  met  III  N  l  111  \  \  I  all'  i  P  A  ( ‘i  •  A  !  tha*  tin  onplUnle 
ol  t  he  I  'Lit  le  I  a't  v  e;  l  j,  a  *  •  -1  •  <  i  •  J I «  .»!  el  *  f ...  I  •.  ' !  ••  t  W  U  e  I  >ia«l* 

r  .i(e  ampliUit  It  how  *  , »  r  PI  j  *«  ••  t  ■  ■  lit  .  s»  •  '<  !  r»'fi< !  \  I- 

the  method-  that  Wert  i\e}.'.  «.:  ■  h.  "  a.P'-  with  and 

W  It  lit  Mil  tin  I  <11  ptedi  n-d  t  |»al  ' ;  «  *  m  w  ■  ■!  ■ !, I  ! .  (  .  .  ' !  I  I  |. 
rate  Ituplllu  if  ■!  th*  >«  II..  a!  -  i'a  -  !'  •  W'  .1  •  flit 

alii.  Mil  I*.  '  I  it  I  111  tl*  I  \  al  t  •  •  •  ui  s'.  '  -  a  .  !  *.  *  .s  n  1 '  •  t.e  V  all*  i;- 

melhotls  and  .lie  s. Ill, *i,a' l/«  !  Ut  It'.li  I  ■  \ .  1*  t : 1 .  ■  r -a .  1 1  it  *  *1 

m.if|i>n  w.4-  ploxidtd  ..  ' '  *  :  if  i  t  1  ■  !  !  i  ie 

Madt  .  a\ MaP"i.  pat’*  •  -  i*-*  a  •.  i i  i  t  !*-  In 

g«  i.rijl  all  •  >1  t  hi-st  pied.n  ted  da'  I  1 1 1 T  :  ■„  th*  th-l.lade 
t  a  \  ilatlt  *ti  extent  W  I  I  •  !  l<  e  '  >:  . .  '  I  ■■  s  ’  .  .-ft  .«  i.  »  it ;« ■» 

w  •  -i  ♦  -  tlimif  iis|,i  n  *•  '  at  '\i  (•  ■  ha*  ..  t.  r  i' '  •  ■  !  ’’ir  untn  >di 

llt-d  \r  >  177  pel  I  It  >l  *ke  \  •  I  ita-  '•  a  is.  •  j  1  V  It!  *»{  tilt  tf-ult- 

•  <l  a  I  al.  It  Lit  loll  ’I  th*  -  -pt-i  II  '.in  ot  I  he  pn*| »»  i  «  '  '.lot  I  at  1\  st-nite 
-lit  ligt'.  s,  Mind  p:  *  ssi|!«  !•'»  <  I  W  id.  ail- 1  vV  I  h  '  it  I  hr  !  !"W  a> 
t  .-It  l  at  mg  In.  W  lilt'll  *m  -lil  *-f  alii  .at  I  rdu>  I  :■  r  -  >(  t/u*  (  x 
i  ll.it  I.  I;  pP  --UO  nvel-wiii  pil  di.  Ii'tl  l*  lativi  »<  *  tin  oltglliai 
\(  )  I  .  .  \  t.x «  i  •  r i e*  a  t  of.*  I  1 1  •  • ; 1  a  1 1.  ..  ■  "p  t>  k  I  i .' 

It  is  Uvofid  1 1 . pt  •  -1  flu  pH  s«  1,1  j..,p.  1  {■•  attempt  ht  \ 

plain  the  v  mati.'ii-  in  tin  pleiti.tiolo  h.-Mi  e.ulirl  in  tin- 
\  p  J  x  ndi  x  IlM'-t  "p.inon  .  ||  1  hf  al.lh.  a-  l."W..»-|  t  lies,  d>- 
.  repatit  i*  •  al*  o  t*l*  -t  i.Uifi'-*  of  *  * .,  j  a«  -i  r<!  -f..o  !  'lit  alt 

lltlt  I.-  i  v  <  t.  .a  I  1 1  an.  I  *1*  '  .  .•  .  111.  -I  it  •  '.lit  *.  1  .:!  1 1 ,  j  •  I .  ■ 

.  apaMMv  to  •  ah  illal.  '!•■  |  r .  j  •*  iit  ;  nhi.id  pe  t  ott|.  tiini 

j  *i»  —  u .  on  M  i » I  a.  e  f .  >f .  •  tin  J !  if  i*  ».  ■  •-  :  I  -at  h.  <  I  ■  *  ■-  « 

-tit  ng!  •  n  t.'inm 


Discussion 


E.  Bjarne.  V  -  *or 

l  woilM  i  il 'I  like  1' •  -  'Iigi  it  Iil.i'i- It  ■  inttiolN..|,  itiiX.e'hnl 
paper  eoxet'ing  m>  *s|  if  not  all  a-|Nt  t-  im-.lvetl  in  tile  piohleni 
1 1  is  i  ui  err  sting  to  noth  «*  that  the  in*  x  It  l  It  -l  n  -*  ills  have  go  *  ti 
gt  h  nl  t  or  relation  with  f  h*-  full  alt  rm  a-urt  r  r  i«  nt-  w  lift  flap 
pan  i  it  fv  is  hot  alw  a  \  *  the  *  a-a  with  the  f  ho  ‘relit  a  I  t  alt  ulall<  'ti¬ 
lt  i-  also  etii  i  »m  aging  I  ha!  the  desired  improvement  with  ieg.ini 
to  l  h.  \  ihrat ion  and  noise  prtihlem-  Ita-  l«ei  n  at  hi»  \ed  w  ith  th» 
l  **ft  .mmelide.  (  me.isiiri’s 

I  hr  pa|M*i  t  ovets  most  tletaih  iiivoIm  d  hut  it  would  have 
Ix-.-M  of  intrM-sl  to  h..  e -ollie  mtiirm.ition  aM.iit  esj»ei  lallv  I  he 
hill  -t  all*  Made  Ifetpn  ri<  \  v*hfaln»|»  w  Ii  x  lire-  Ui  (he  rxlleme 
aft  r»‘gi«»n  dlfiosewiit  nn  a-uird 

'"Vw.  tfnh  M  if  I  !.■  . . .  f.  I  *  r.'o  ssrx  c ..  !.  I«.,g  St*.  .1.  II 


I  he  -.11. pn  ..  •  '  id*  '  ,  !  •  *• 

i.  ell  I  at  II  .e  ‘  I!«N  -It  *  I  f  g  t-  ■  ■  .  ’  .  d-  •  1  •  .  .  I  •  .  1  ■ 

hand  n  *!..  f »!..»!*  tl.  I  *  .  I  1  -  •*  .  "  "  >■  * 

pi  ’  It  f,  •'  lie  olilV  1  t  •  1  .  .V  ■  '•  •  ‘  *  ‘  1  1  ■  •*,  -•  *•;■• 

th.  a  M I  •«  *i  t  m  it. -t-*  i  tali  -  ■  '  >'  '•>  -  *  *  *  heu  "  vt  ,  n  ■ 

tl.  eaf-i  v  -wt  r  w  i' t-  I  n  !  har  '  M  h  .  '  !  .  -  .  1 1  '  h  1 1  n  1 1  ' 

v-.1ii.-n  h*  '.vt  x  i  ;  o  t,  •  i  'n,  *.  ;  •*  ■  -mi  nhtu.f.  If 

tli,  mean  vahi>  ■  i|.  m  it.,  o-.  ■  •<  '•  « *  *  ■  pan  '■  heMi  t 

t  *»f  relat  It  Ml  f  •*  I  w  «  el.  I  hr  U  :•  ••!«  '  *!  ‘  '  1  1  •  '  ill  ,t  It  lit  M-e 

lUe.l-l  lit  lilt  III  -  "  ill  I  «  .  t  -t  .  >  .  .  '  I  '  !  ■  1  1  *  1  n  •  '•  '  ’(  •  '  .i’ll  f "  'f  i  K 
exi  hu letl  t  fiat  s« .nit  of  t  h.  i ■<  •  t  -  .  io-i-i I  I  "  '  iM  h ng  '*  t  "t I 
-tnii  H"li  .h  i  oh  .  v.  it.  1  1  ■>  po.p.  II-  ■  J  .  •  d  pi*  ss.,ie  pul-e- 
t  >1  It  i\>  et  1 1 e<  pit  lit  v 

Thr  el.  '•  it'll  of.lam.  d  -  T  -  th.  I'iadft  pi.-pell*  '  w  a*  ah. 

'  »-t  1 1  led  )  *\  t  f  H  llii  'd»!  It  I  hi- . .  'i-e.  P*  *s-;l  >1  \  I  x  i  \ 
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Covitot'on  number 


may  be  sonic  nonlinear  effect*  lietween  the  three  factors  y»  that 
the  inaximuni  factor  is  less  than  27  However.  1  cannot  set*  that 
there  has  to  be  anv  relation  at  all  l>e  tween  the  thrust  variation 
of  blade  frequency  steads  ahead  condition  and.  for  example, 
the  thrust  variations  in  hard  turns 

Second l v .  even  il  such  rela turns  exist.  it  is.  in  my  opinion,  not 
[Missihle  to  predict  thrust  variations  within  1  percent  accuracy 
keeping  in  mind  I  he  nature  of  the  problems  such  as  scaling  of 
the  wake  and  flu*  time  variations  in  the  wake  These  are*  alwavs 
present  and  make  it  dilticult  even  to  quantifv  these  small 
variations  on  the  ship 

Hegarding  the  dunce  of  number  of  propeller  blades.  I  miss 
the  evaluation  ol  the  risk  of  exciting  the  natural  f  requeues  of 
Mi|**r.vtrueture  which  is  ■  oi,si,lereil  to  In*  verv  important 

I  also  vs  ish  to  c<  mm  met  it  on  Kppendix  2  w  heie  it  is  said  that, 
for  the  use  without  the  fins  all  the  calculition  procedures 
predict  pressure  amplitudes  u  Inch  are  substaiitialK  smaller  than 
those  measured  m  the  SSI* -\  water  tunnel  If  the  Hn\  calcu¬ 
lations  had  lx*eti  included  m  Fig  vb  wc  would  haw*  seen  that 
flu**  .*'«*>ults  give*  somewhat  larger  pressure  amplitudes  than  the 

uuxtel  experiments 

Since  the*  problems  also  were  related  to  erosion  I  miss  a 
comparison  fvtwren  auaUtu  al  and  eqHTimental  amounts  of 
c  as  nation 

The  authors  base  demonstrated  to  an  instructive  was  flow 
analstical  and  exjMTiincnfal  investigations  ean  lx*  applied  to 
solve  propeller  cavitation  relates!  problems  and  1  ugres*  with  the 
com  ItiMotis  arrived  at  to  solve  the  problem  I  low  ever,  this  case 
also  demonstrates  the  need  for  unulvttc  al  methods  to  predict 
the  prof  teller  induced  now-  at  the  design  stage  In  this  con 
tuvtion  it  max  Is*  mentioned  that  l>\  tin*  Dn\  aiialvtual  method 
the  noise  red  lit  tion  m  the  steering  ri«»m  was  estimated  al  IP  17 
dH*  A  b\  mounting  fms  P 

Fitiallv  just  a  'Mull  c  eminent  on  the  title  ol  the  paper  \c 
cording  to  common  termumlogv  this  (S  .i  t \  pieal  stnicturelmnie 
noise  problem  not  airU<rne 

K.  Takehuma.  *  Visitor 

The  authors  are  to  l*e  congratulated  lor  their  interesting 
pajHT  describing  their  extensive  iivdrodx namic  investigations 
to  tmd  tfie  cai»s«*  of  ,iirls>rnt*  noise  phenomena  eq'enenced  on 
a  'flip  of  relatixelx  small  blot  k  coefficient  As  the  authors  ex 
plained  m  their  pa|x*r  manx  vibration  problems  have  fieerr 
exjw  neneed  in  the  past  sevetai  vears  in  spite  of  tfie  effort  to 
dei  r»  jm*  the  level  of  vibration  and  airborne  noise  during  the 
\  nurse  of  ship  design 

Ihe  discusser  who  presented  Ins  experience  Hi  a  paper  tor 
Iv  I S  V  in  PC*t  V>  would  like  to  offer  the  following  comments 
and  questions  on  tfie  Uise  of  his  e\|)rrieni  e  ill  the  design  <>|  hull 
torms  ami  profilers 

1  <  >n  rev  lew  mg  tfie  propeller  design  •  *f  t  lie  AO  177  it  Is 
noticed  that  ■  <J  the  tharneler  o|  the  pn*|»ellei  was  much 
smaller  tfran  optimum  al«oiil  7  in  or  the  numlier  of  revolutions 
should  liave  fieeii  higher  .  ufxmt  120  rpm  lor  the  selec  ted  di 
aineter,  and  h  the  expanded  area  was  smaller  than  bx  <*xislmg 
i  rileria  mu  h  as  those  propped  bv  \*s\IH  as  follow  «. 

W  according  to  NSMB  2^  7  m* 

\  I'  adopted  21  ^  nr 

I  fms  some  pro|M‘l)(Ts  w  it f i  larger  expanded  are  a  could  lx*  worth 
mxestigation  ill  addition  to  tfu*  three  eandidate  profilers  V 
H  and  < 

2  I  fie  discusser  considers  trial  higher  blade  rate  frequent  \ 
i  omjxirieiits  of  prof  iler  ex«  itmg  lore*1  are  more  res|X'iiMblr 

*  \ag.eaki  I  ei  hnii-jl  liislitu'e  Mitsubishi  flcju  Industries  \,i 

g.isaki  Japan 


for  the  anUirne  hoist*,  but  Fig  2.7  shows  that  the  level  >4  bUde 
rate  frequency  couqxuu-nt  is  muc  h  higher  dun  those  of  higher 
blade  ratt*  frequericv  conqxments  except  at  over  tip  jx>mt  A 
Would  tlu*  author  explain  flow  they  reaches!  tfie  understanding 
on  the  pfu-nomeiia  that  airUirne  noise  is  much  more  dominant 
than  vibration  level,  although  high  blade  rate  frequent  . 
eomjHHieiits  of  exc  iting  force  were  relahvelv  small' 

\  Kegardmg  the  results  of  resistance  and  propulsion  »estv 
ihe  results  shown  m  f-  igs  2b  arid  2-  coincide  w  itfi  some  of  our 
ex|x-ru*nce  nainelx  little  dilfeiem  e  of  Ffff’a  and  ti.ni'l  d< 
ductioil  ctief  f  icient  dec  lease  of  wake  fraction  .  it  tfu  lent  yd 
little  difference  of  |x»wer  w  hen  fitted  w  it h  f m  How rv er  t f»<- 
results  in  Figs  2H  and  2lt  indicate  that  improvement  «»i  j j r * > 
pulsive  jH-rformaiue  i>  obtained  bv  a  remarkal'le  im  rr.isr  * 
relative*  rotative  efficienev  flow  dc  tfie  auth"  r  «  xpiai:  *te 
differeiiee  m  tlu*  el  fee  t  ol  sum  tmiiu!  fin  >h  pt..j  ■ 

formance  of  the  ship*' 

4  Significant  variation  *>|  (he  fuii  scale  1 1  ■ »  .o.,.  •  ■mri.*  * 
pressure  fluctuations  is  shown  in  Fig  ,S  i  la  ..nth":  • 

J*lairieil  that  those  result,  w  ere  o)>tjmts]  m  tho-c  :  y  ;i»  i  • ;  • 

in  the  full  s*  ale  trial  W  «»uld  t  be  ant  lua'  c*v  |  l.i.n  •  i  «  r  ’  ■! 

the  'ign:l  leant  variation  of  the  pressure  thu  t  •  m  w  : 

w  ith  a  f  iti*' 

Additional  reference 

V>  1  ak*  kuiiu  k  v.  *1  *r.it i- •!.  I  i.  nx  i ,.  a  ••  ,  i  a.  ■*'... 

aliil  the  fieri.  I  ittu.g  a  h  sv  •  j,  ,  •  |  '■ 

SfjJp  \  iv|\\  !><■«  PC-. 

Paul  Kaplan,  Member 

I  ho  pajx-r  provide*'  an  m!«*restmg  s.ig.t  alxiut  <he  •>  ris * 
quelle  es  ..|  Ulivvaiited  pro|x  Her  i  av  llatlc  c  as  w  e||  as  t ! ,■!  • 
eixllircs  Uscxl  to  »*stal*llsfi  a  si i<  »  i  \sfu!  i  o:'i*c  lion  « •!  the  assoi  .it-'d 
problems  Although  there  in  a  numU-f  "i  items  m  the  p..p*  : 
that  *  an  lx*  disc  usvd  mv  do  ussu*n  w  ill  f .*v  m  pnmarii'  •  t .  !:■»- 
an.dv  tic  a  I  pr»*dii  f  mu  of  fiull  pressures  and  the  c  om  pan  si  >i :  m 
tvs een  llieoiv  and  t  \[h  riir.<  nl  1  he  comparisons  ate  show  i-  m 
VpjX’lldlv  2  ol  the  {U|x*r  Will,  the  implied  result  that  the 
I'resc-nt  theoretic  al  me  thods  prov  .de  results  tfi  o  signdu  .c.il- 
differ  ti  on  i  c-vfx-n  mental  values  (  oi  older  mg  *  *  n !  \  tfu  n-sult . 
of  tlu-orefu  a!  c  aln-laljons  pn»v  nlc-ci  bv  1 1\  dr«*mev  Ii.,nu  '  liu 

I  c  an  make  a  unmix-r  of  comriu  tils  r,-iat;v«  t.  this  .  ..>  ;  n 

isc  *n 

As  a  geneial  c  ornmeiit  I  want  ?«•  of>u‘c  f  to  tfu-  nature 
.  ompaiisoti  lx -tween  *he»  tv  ai*d  e  x  im  *  r-»  »•  :  ,  : .  -  ;•  - 

as  show  n  m  f  ig  Vt  I  fie  theoretic  .d:  m.  t(..nt' pr>  .  :C.- 
ol  tfu*  blade  rate-  amplitude's  v  e •?  re -sj*.  •ndmg  '■  a  a.gi«  :* 
q  lie -lie  \  which  IS  o|*t.|im*el  l'\  .  elite  i  *  !|,al  h»  t;  y.  .  ”  < 
that  i'  .irialogou'  to  tfu*  j  peH*  i  !  1  ■•!«  -  In  •>  .< 

s|u*uld  riot  t >e  compand  w;t|i  *uai ;r-.*iv.  .  *  ” 

|ieMmental  prevsiin*  signal  tejd  I  :■ 'tii  ait  ■  *sc  ill  -|x  -.si:-*, 

include  <1  tec  ts  due  l<  >  tune  v  al  i. it iolis  •  I  t  he  a<  f  >i.i i  «s  o  «  *  •  C 

ale  not  considered  m  du*  th«*oi\  \  p.Mh<  ui.  *  .  ‘  <  m'< 
metfted  v  allies  lor  t  otnparisi «n  pui  j* "«<■..  'Iu»ulei  '  ,  j ,<  <  • 1  . 

mean  "I  the*  highest  7  jm  n  i  til  ol  the  blaeh  t  ,it»  .  ompi  an  :,t  i . 
s|u»w  li  in  I  igs  It'atid27  'Uic  e*  t  hat  i' 1  Im  pie  m  1 1  *•«.  i  tm 
merit  e  eiiisidereef  appropriate*  be  (fee  test  iaf»"t.U.  *j  >.  ssFy  !‘ 

that  inleirmatlein  vee-te1  used  ,o  dir  e-xpe  1 11  i  <  Iil.d  data  < 

c  e>mpanse»n  lit  1  ig  >ll  <  •}  die  pajx-i  w  .inlei  the‘1  be  liwn.i  m 
Fig  »:>  with  tins  dise  ussion  In  that  c  ase  tfu-  dr  gje-e  of  agi »•♦* 
merit  Ix’twevn  the  H\dr«»inec  fiat  lie's  theon-tu  a  I  pie  sh-.  I"  to  a  tie  l 
the  ex|x*nmrnta)  v  .dues  of  hull  pre  ssures  w  mid  !>*  rju’le  .  lost 
The  «1  egre*e  ol  e  o:  relation  svoiilel  then  !  x*  similar  1  <  •  that  ‘  ■  •un.1 
in  e*ther  apphe  at  leuis  ol  this  tlieeii  \  as  exhibited)  in  ”>n  wlu-fi 
is  the  Immc  elesc  ription  <4  our  method  { 'fins  vs  < ■  ,t(  f  f  \  c I r  rie 
e fumes  Ix’lirve  that  the  c  apabtht  te*s  lor  tfumretii  a!  predu  tn  u 
e>l  pre  ssures  due  to  eavitating  projvelh’rs  are  n  it  as  elnmai  .o 
jxirtravcxl  in  tins  pa|x  r 
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N(f  lit  tint**  (  » ‘it  miiMit  i  f  if  -  I  :«  •  .•  .'i  \  ''I  t|* 

S| r  i u  lure**  <  nnumfte*  ■  >t  th»  \  iti  i  .i,'  Kin  .ii  I.'  -  -on.  :!  pia«  <•»! 
flu*  ( . fii< )r*  lor  SjiijtU ..tij  \  >r.it .■  •«,  <  . •! i r * ■  i  I'|tu  ,!  iiu!,,Ih  i 
tvt,>  priori! %  t»>i  tlu  i  iiiti  ir  * im  ii  %*  .h  I mil  a  .,•«  ■>  U 
congrjtnljt**d  ha  then  el l.  1 1  m-i  wt  »  l  ", ■»  it> 

to  1h-  learned  iiom  t  ti  i**  -a,  id .  %  i.  i«  il  ■  •  ,■  i  1 

in  the  development  .4  a '-o' c*i*  u  I  -  >  n.i: 

Fred  Stern.  Member 

Hu  pi<*hl» ms  •  i,.  .'liiit-  ••  o  ’  '  ‘  1  i  - 

example  "i  tin  mnl  *.  ■  •  ;  '  .•*-.■•*  -  >*  1 

loading  ‘iml*  ads  •  .it  ;  ...  o 

T  loro-  M  •  (tut  rl,  I  *•  i  .  ■  •  ■’*  I  •  ■  ■  ■  I 

signs  111  I  ht'ir  detail  >1  Ii-M  .pll-  *'•  '*•  •  i  •  •  i  -  . 

the  extensive  i  nffei  tis*  pi  i_;  ‘  "  *  .  •  -W 

a  t  nnsidcrahfe  amount  t  • i  ..•  *  i--  «■  «.  j  •*-.■..•■'  Me  ..•** 

.  oinputatton.il  w  till  h  n-  .io  ...i.ai'ii  ;  m-  1  ! 

I  llr  extensiveness  of  ( p?  .  »•  n  •  .'i« 

l  hr  model -st air  r  xj*r .  i  .»  ' . «.  c  •*  •  i  ■  ;  ■' '  •  •' 

in  Mich  a  rnumirr  that  tn»  *  i  l-  •'  « *  -  * 

lions  and  the  lilttefrli!  w .On  :  '■  !...  «i  .!■:!■» 

es aiuatcd  vjuralrh  du-ieh,  i<  .«  .  i .  : ; ,i? 'HU  i 'n  ’,.i1  .  ’ 

designing  pro|K*|lets  am!  1  ■  j«-  III'  " I  i '  i  .  .'< 

0 \i\ itjtiOM  and  It'  often  drlr.U  fj.  I.-  ■  i. ••*■,*  ».  •  •« t 

agreement  shown  U-tssn  n  d  •  *  ..  -  i  m '■  »  •  \;>*  " 

tnents  indicates  the  iix-tul?1*  :  u  . -ii  ■  .*  »*  ■ 

in  obtaining  this  goal  i  f i* ^  t -  ">  .  *  p  !«  *  ■  «  x 

{Hrinirtilal  dittn  ultu-  i.g;!  w  .ill  •>  i  .  p" 

M'llt.lhon  atul  Ll»  k  ot  Kr-.  !),.:,!•  1  !  •.  «!••]  l»  *  o‘.l-^ 

\r<  urutt  «  otnpiita' ■  i; .!•»  <i-  l  .r  ■  1 

\m  (*\nhrti  V  ariou-  .  ?.  i  '  wi’p*' 

Mu  i it**il  to  predh  t  tin  pi,.;*1!*"  .  t » »•  .' **  n  .i»ni  h.,!! 

j»r«*\Mir**>ari*Ntirhu-r  h'f*  <•'  \<  >  ~  -  •  •  ■>* 

arr  guru  m  -Vp^mkIk  J  it.  .0.1  •  .0  w  '!>'•*  r  !  hi  nit. 

;t  is  ililtirnlt  to  tlrau  m.ir, .  ■  P  :i  P  <  1 1 : » ■ :  I  .  *'*n 

putatioiul  data  pri*M  titi  1!  .uni  m  >  o  u.i:  i  il»'i*  u  lh*  }'mjk,i 
vi  1  Mih)  have  U-nrhtnl  t..-  »M •  -» ■?  00.  i  : .«  *  jim- !.».•!  ti»- 

t  oinpiitational  irs.jlts 

I  hate  also  j*  rlormni  1  .»i-  ' i hi? 0  10  !■  1  ■  i :«  \<  > ■  .  *“  j H -i !« *» 
hlade  rav  itation  ami  in  ill  pi«  -n:i'.,r  il  vt  •  uU  hk,  po-Miil 
m Mile  ot  the  result*-  heir  toi  .  •  »l ;  1 } >.t r  1  ***  •*  1  a  =•'•  tk.  -«ti  •  i  •  .1 U  11 
latlotis  stioN\  n  111  Apju  l  Jix  J  1  *•«  • .  "iupl«  '•  ■  •  *  1  ft im  !•  1*  hr  »' 
detaih-vl  l  oniparisnio  \y  *.sM-ei.  the  preilu  ted  •  ..  .  li-Un  u  and  lh- 
nnnlel  andfiilhsiale  «-v|»er  :»in  »  o  a.h  n.eutiv  n-|<or!ed  it  *in 

|ltS2  ONH  Sv  ni(>oMuiii  ou  \.o. M \di«».lv  h  um*  -  I  he 

met  hod  einp!o\s  lt  dsu.iu'u  a*  .ippi-n  !  in  "  hi,  h  d-*  t-  in,  ■  ; 
the  instantaneous  1  a\it\  'urtan  .-  1 1 1  •  1 »  led  «  a,  ii  pt  >;**':«  t 
cross  MTtH'li  as  j  semi-ellips*  \  * »r  I '*  m;th 

1  m.i|ora\»>‘  thukness  'eiuimi'n  r  is:*  .o:d  po\ii mi.  the 
section  chorrl  ar<-  deterr/uhed  *u<  tr  that  tin  n.  hJii  ear  ,.ivits 
stir! are  Ixiundarx  toiiditi  m  s  an  sitiNtn  d  .ij -1  1  "un.iteis  !  he 
pressure  on  the  instantaneous .  ,i\  1 1  \  sur!  *•  ••  -  *  i  '.uu*  io.nu 
a  l\ui  dimensional  t  It  is  k  -•  t  tioi.  .uislead*.  pot.  uii.d  tlovs 
computer  plourain  FI  tree  duneioioh.il  projN-lh  1  etlei  !•■  ale 
UK  hided  h\  rorrei  timj  the  lijrmonn  **  oj  die  \erti*  al  comj>uneiit 
1  if  the  section  inflow  ionic  the  lesiilts  1 10m  an  moti  ads  pen 
jx'ller  ei  till  pi  iter  pioi'iam  i'hc  scitical  >mp  r  n  "it 

of  the  s**ction  inflow  is  obtained  iron,  th*  nominal  w  .ike  iii.hI 
ifusl  to  represent  an  rflectm  wake  ioihu  data  t.»i  a  si  \  nunetric 
Ixxlies 

Figures  44  .mil  t  i  IwTewith  shovs  t Im*  piedicteti  »  av  its  volume 
ami  volume  velm  its  I  he  n-^ults  shos%  aihstautial  reduetious 
due  to  the  addition  of  the  flow  moods  mg  fir.  I  he  reihn  t>on> 
an*  (fue  principalis  to  a  doorcase  m  the  <  0  its  tfm  kness  as  was 
also  found  in  both  the  mode!  and  full  m  aleexjK-rimenls  I  he 
l  asitv  volume  veloeltv  tFig  t»  has  been  hamionn  alls  aua 
K/etf  (see  Fig  ltd  and  the  free  *|>a*  •  pie-sures  1  alculateil  ,**•. 
Fig  47)  for  eotnparisoli  with  the  othi-i  .ah  ulatioio  and  es 


Blade  Angi« 

Fig  44  Lavit>  volume  pre.lii.liot.  ’  tfw*  p*opeiie' 


jHTimental  data  show  n  m  l »u  ■  in  the  pa|x  i  1  \  v  aim  .  i  - 
was  us«*d  f«»r  the  refhs  tion  cor-lh*  rent  in  the  Iree  space  pressuie 
eaieulatiou  This  approsmiate  piiK  cdnre  t"i  calculating  huh 
pressures  due  to  misleads  cavitation  is  m  common  use  and.  in 
fact,  was  also  used  I  is  It  I  and  I)u  X  I  fie  results  are  seen  from 
Fig  4fi  In  lx-  lielow  the  model  and  full-scale  i-sp  iimcnlal  data 
The  results  tin  shoss  the  same  trend  as  the  I's^H-mm-nts  with 
regard  to  tin*  effects  ot  the  tins,  that  is.  a  reduction  m  the 
pressure  magnitude  except  for  direct  1\  met  the  tip  w  hen- 1 lie 
eff(*cts  of  reduced  tip  elcaraiu-c  offset  the  riiluition  due  to  the 
f  m  in  the  seventh  harmonic  of  the  cav its  volume  s elm  it  s .  V- 
The  free  space  factor  ot  twi  metluKl  is  conect  foi  the  limit 
of  au  infinite  flat  plate  1  udimtels  longtsiindei  l  ho 

opniU^r  (  xcitod  Aiftsorno  Noim* 
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Fig.  47  Comparison  of  ‘Made  rule  lyessure  amplitudes  *i‘*-  *•» penmen  ^ 


;n  nice.  Is  the  watei  live  surface  pressure  relief  effects  ami  av  • 

.  "i.tfe  ri  presentation  of  (mil  ref lection  effects  I  he  former 
ef  feet  reduces  the  picture  iliaUiiitiuie  The  latter  el  feet  max 
Mien  ax* 1  'r  decrease  the  pressure  magnitude  dejiendinn  mi  flu* 
s{x<  ifn  hull  geoinetrv  \  comparison  of  Kin  T"  with  Kin  V) 
m  the  pa|M*r '  slinxxs  ti..it  the  present  results  y»ix  e  larger  mac 
intudrs  than  the  limn  sophtsfu  afed  methods  of  \  Al  anil  MT 
(  ins  is  most  likelx  due  to  large  wafer  f  r«*e>Mirf  ace  pressure  relief 
effects  Uowevei  this  is  not  siil>staiiliat<s{  l>\  the  e\|)crimental 
data  The  gr**!  agieeinenl  I  vet  ween  model-scale  results  oh 
lamed  using  a  rigid  wall  water  f ree-surfaee  ami  tin*  full-scale 
results  implies  small  si a  ter  free -surface  pressure  relief  effects 
Thi  V  viand  Ml  results  also  slum  an  increase  in  hull  pressures 
due  to  she  fm  w  hit  h  s**eins  unprohahle  In  order  to  draw  more 
conclusions  it  would  U-  nccessarx  t« »  make  a  comparison  l**- 
txveen  the  cavitx  volume  and  volume  iclcrcitv  variations  pre 
dieted  expermicritaMx  and  In  (fie  various  computational 
methods  Such  a  comparison  is  important  due  to  the  domi¬ 
nating  effects  of  c  avitation  on  hull  pressures  it  is  ho(x-d  witfi 
regard  to  this  matter,  that  the  e\|Mknniental  difficulties  in 


measuring  eax itv  * . •!  him-*  amt  somne  ••  1 

overcome  sum  these  data  cl:  IUiJk  :  >  :  i 

validating  the  cavils  precti*  1  ;■  a.  I •  ••  • 

I  {refuse  ffs.it  tfie  c  c'leputal *U.i  ■  i» 
though,  elearlv  aN  staled  hv  lh«  .i  till  'i-  U  i 
developments  and  improvement  .  1  lu  ^  ' 

partu  ularls  at  it«»  <  urlv  devip; ;  ‘.no 
ot  manv  design  < »| >1 1» »i i -  i  «»>i  i«  <  \  c  ,o  *: 

Additional  reference 

YT  Stern  J  t  i>ui|MriM<n  >•!  v  ;  .. 

I  n '■leads  (  av  il.il n*n  j*j rson!  r<i  .cl  Mi>  l* !  ■  ,v- ! > 
•\ifmr  Mi<  h  \ug  1  uxj 

Jacques  B.  Hadler,  Member 

ft  was  a  pleasure  f « •  receive  tins  p.ipei  f ■ 
involved  in  a  ninul>er  of  proi>ellrt  desmi  .  ■ -m 
a  ship  that  has  a  wake  pattern  with  alin-*o  , 
gradient  and  wake  defect  .it  top  dead  c  *  nit  i  • 
modified  A( )- 177 
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Onuses  «mk1  (  .»,rei  tions  tor  Propeller  T  xc.ilrii  Aitporoc-  ‘-4  •<-  , 


In  general  I  anret*  with  the  authors  conclusions  on  the  pro- 
blade  characteristics  which  seem  to  U*  most  successful 
for  reducing  th<*  hkelihmxl  of  c  avitation  erosion,  trailing  edge 
I  >c  tiding  ami  minimal  higher  harmonics  of  blade  frexpiem  v 
with  acceptable  blade  frequenev  forces  l  have  used  the 
tcchnupie  whenever  1  have  had  to  design  a  propeller  for  such 
a  ship,  of  designing  three  or  four  propellers  in  which  1  have 
made  small  but  svstematic  variations  in  either  radial  load  di> 
t nimhon  at  the  tip.  variations  m  plan  form  or  the  amount  n! 
i  amb’!  in  tlie  tip  sections  A  model  propeller  is  then  con 
stun  ted  vv  ith  each  blade  to  a  different  one  of  the  designs  The 
propeller  is  then  tested  m  the  variable  pressure  water  tunnel 
iielund  wake  screens  or  (uirtial  hull  bodies eomhmed  w  ith  w  ake 
m  reeris  w  bn  b  simulate  the  wake  measured  on  the  ship  model 
These  tests  which  can  approximate  faith  the  load  and  ballast 
condition  of  o|x*ratiofi.  show  the  extent  of  growth  and  decav 
i it  the  sheet  and  tip  xortex  cavitation  as  the  blades  pass  through 
the  low  velocilv  rt  gion  Through  strolx*  lighting,  it  is  easx  to 
compart* tint*  blade  w  itli  (lit*  otliers  in  directlx  ci*rnparable  flow 
coiuiitions  ami  fun!  the  blade  which  produces  the  most  stable 
cavil \  that  eol lapses  in  the  tip  xortex  of  the  blade  Mu’ results 
of  this  approach  have  alwav  \  lead  me  to  the  follow  mg  conelu 
sn  'iis 

Kadi. J  bladt*  loading  distributions  which  approached 
the  I  .erh  s  optimum  were  best 

/•  The  amount  •  >t  c.uiiIkt  at  the  blade  tips  should  U* 
limited  so  tin*  sections  are  not  hollow  on  the  pressure  face 
.  I*lan  forms  which  produced  pointed  tips  rxen  at  the 
trailing  edge  were  not  successful 

(/  \\  nle  tips  arc  gem  rallv  Ix'tler  than  narrow  although 

there  is  some  ev  idem  e  that  there  is  a  “I vest  length 

I  h«  sc  propellers  have  had  varv  mg  amounts  ol  skew  up  to  a 
rnaxininm  of  alxmt  JO  deg  So  far.  all  propellers  developer  I  l>v 
this  approach  have  l*een  successful 

!  agree  w  it  fi  I  fit*  overall  approach  used  In  the  authors  in  flu* 
new  five  blade*  1  design  except  for  the  sliape  of  the  trailing  edge 
at  the  tip  whuh  is  more  |xunted  than  1  luixe  found  sm 

ccssl  ul 

I  am  quite  surprised  at  the  author  s  estimate*  that  the  |x*riodu 
thrust  at  tin-  thrust  lx*aring  max  lx*  27  times  that  calculated  bv 
mislead v  lifting  surface  tbeorv  using  model  wake  data  I  agree 
and  have  witne*ss<*d  on  vibratnm  trials  a  imxlulution  that  max 
appro.u  li  three  w  hen  there  is  a  large  amount  «>l  turbulence  in 
the*  wake  due*  to  flow  separation  but  a  factor  of  three*  is  excessive 
in  tnv  cx[x*nem  e  (or  free-snrtace  effects  and  lor  turns  1  In¬ 
most  that  l  have*  ever  noted  is  a  factor  ol  two  on  tw  in-screw  ships 
in  a  tight  turn  and  le*ss  than  1  a  t«»r  free-surface  effects  (  mild 
the  authors  cite  their  evidence  lor  such  large*  factors-1 

In  closing  l  cannot  help  but  note  that  it  almost  alwav s  seerm 
to  take  a  design  failure  te»  precipitate*  a  major  technical  im«*s 
ligation  w  hu  ll  call  extend  our  fountain  of  know  ledge*  \N  e*  are 
lortiiu.ite  that  tin*  authors  eould  share  this  knowlcelge*  with 

IJS 

David  W.  Byers.  Member 

I  In  \  i«*\\'  expressed  herein  .m*  I  hr  opinions  ot  llic  dist  iixwr  ami  in*l 
no  i  ss.mlv  those  ,.f  tin  IVp.irtmeht  ol  IVInw  or  the  Pepaitment  ,*t 
tin  Vox 

I  hi  autfiors  have*  presented  a  comprehensive  lr<*atme*iit  ol 
how  a  pmjxdler  excited  noise  proble*m  discovered  eluring  sea 
Inals  of  the*  AO  177  was  iiltimatelv  resolved  I  his  problem 
arosi*  as  a  result  of  incomplete  understanding  of  huH-pre»pulsor 
interactions  on  the  AO  1 77  while*  under  design  from  l‘>72to 
!U7t  I  would  like*  to  brief  |\  address  the  <pie*stion  Mow  are 
we- in  the-  I  s  \,m  design  enmiiiumtx  at  \  AVSK A  ensuring 
tfi.it  such  a  problem  dex*s  not  recur  on  future  designs'* 

hirst  of  all.  in  tfie*  area  of  hull  form  design,  we*  are*  smarter 

( .«iuser-  and  Corrpetions  for  Pn 


todav  thi.n  we  wet*  *  : i  v  .<  s  ,g,.  \  suggest^  :■  'heauthois 

referon,  r>  2  and  J-"  th.  h  .  1  .,t;*  'Unix  desig;  <n  w.:\  ot  the 
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Fig.  48  AO  1  7  7  outboard  profile  aft  showing  tm 


Fig.  49  AO- 177  plan  views  aft  showing  fin 


i  isi  a  I  led  h\  tin-  Nasal  Ships  aid  at  (  harjestmi.  Smith  (  .tmlina  tionallx  *  •  m  »|  wr.tl  i  v  e  *'t  I  *  >t  !  pul  t>\  .ill  >  "i.t  •  i  tied 
hr  fins  for  the*  remaining  ships  would  In-  installed  l*\  tlir  V  t  m  U*  ye  n  tiom  tin  figure*.  the  tin  is  tathei  large  I  I 
1  iphiulder  ASI  \ IS  in  all.  then  were  two  <  oinmernal  sards  overa!'  depth  of  tin*  \tnu  tuie  wjv  ‘‘  ft  •»  m  w  il it  .t  w  nit h  ■ 

me  nasal  ships  ard  and  two  SI  I’SlIIP  offices  insolsed  in  ad  alnmt  IS  ft  h  m  .  aini  .m  oseiall  length  ol  t>H  '*  m  II 

lit  |i  >||  t-i  HUMS  I -mlrs  vs  It  hill  N  W  SI’  \  tlm  kiw-ss  o!  till*  tllliv  Mil  fit  uni  I"  all*«w  *P"h  .ide.piale  a.  .  e 

(  ntisiderilig  tlie  tight  w  tiedule  and  hkelihoml  of  a  Ion  mans  In  the*  mtrnor  |oi  welding  painting  nope.  !  i.*n  rti  II 

«N*ks  phenomenon.  it  is  pleasantls  surprising  that  things  went  complex  \ha|ie  ol  the  tin  van  U  seen  in  I  ig>  is  >0  hrt 

r  Nin«H*thK  as  flies  did  I  ho  ss  as  due  inamls  to  the  rxcep  with 

i  .|iim",  .mil  ("a  met  Irons  for  Propeller  f  x<.ito»{  Ant  -  rne  N.  ■■••• 


DOUBLE  AMPLITUDE  Of  BlmOE  BATE  PRESSUMt 


Fig  50  Section  view  of  fir-  AQ-  ’77 


‘  he  structural  design  of  tin*  i in  uj1  tank  straightforward 
although  sev  erai  issues  evolved  to  complicate  it  The  f  tr x|  i  ut 
at  tiie  m  anthng'  maintained  the  general  plat*-  (hit  kiicsses  an, I 
arrangement  of  adjacent  hull  stiiieturc  and  was  transversek 
framed  with  w  el  is  at  1 1  in  sparing  \nak  sis  of  tin  result  me 
strut  tore  indicated  it  would  withstand  a  general  'lam  U-aver 
tail  slap  1  to  at  least  12  0fMlpsf  Si  nee  standard  practice  wonltl 
have  predicted  load1*  of  onk  1000  psl  these  minimum 
scantlings  were  mamtametl  Plating  was  commercial  grade 
MS  e\ee  p*  for  tiir  lower  fare  ill  wa\  of  the  j?r*  jieh'el  whnhwj> 
Vtvv  Uratle  in  SO  to  proteet  aiiailist  eiosio  i  Utnalk  lh 
h'KI  was  uwd  for  the  \()  IT.  w  heti  s»if|  leient  amounts  of  )i  MNO 
4'OI  iM  .... i  i  h-  ut 'jmret!  w  it  Inn  the  time  available 

\n  unusual  feature  of  the  tin  is  that  it  ts  free  Hooding  In 
'•rder  riot  to  have  an  adverse  effect  on  the  tmi;  of  the  ship 
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Fig.  5 1  Figure  f6  of  paper  with  MfT -Davidson  i  aboratory  calculated 
values  superposed  for  AO- 1 77  without  fin 


ulownhv  the  head  under  i  ertam  load  condition.  it  w  ode 
terimneif  ejrk  on  tfiat  the  fin  eon  Id  not  not  U  an  einptv  vo,d 
\  annus  t  orieepts  t « >t  Iol  ked  in  lupiiti  ballast  we»e  .  oustderrd 
hut  rejected  I x><  ause  of  problems  of  freezing  the  fin  r  »ften 
at  or  afx>ve  the  waterline  i  hrniii  al  t  ontaminat xu,  and  |x  n» 
train  ms  of  the  hull  in  use  the  net  a  I  la  turn  w  as  u.  >t  h\ dn*d\ 
nail  mail  \  mi«  eessf  ul  and  w  as  la  t  ■  r  irinmnl  l  li.js  i|  cvolv  ed 
tiiat  tfie  greater  part  >>t  t  h<  - 1  in  kinv  wi  timi over  I  S  in  in  depth 
would  t>e  free  tl<H»dmg  flood  holes  were  provided  oj.  the 
under  surface  arid  u  n(  ho/e<  af«‘W  bko  a  s ' 

I  he  lIltfTior  was  proleeted  hv  eoat iritis  and  /I Ur  anodes  i  ess 
plates  are  prm  ided  tor  msjMt  ti.m  and  mam  ten.!  hl  e  of  tin  m 
tenor  of  the  fin 

The  onk  prohlern  imirsnkrd  after  lh«  mitia.  nisi .» Il.»i ion 
involved  the  adrvjiiai  v  of  tile  pr«ijx  il*T  shipping  pad'  e\»  s  flush 
t  v  jK*  i  installed  on  the  underside  . .)  I  he  f  in  I  he-  w  .»%  res.  |  w  1 
l)\  a  design  iikkIH if -at ion  on  subsequent  insiallatior,  f *\  the  ad 
dation  of  another  pair  of  pad  eves 

III  an  age  W  hell  It  |S  <\is\  to  Ik  *  \  ie.  .ii  aU  'll  dll  \.o  v  1 1  I ! i J  \ 
to  work  w  itfi  industrv  to  respond  ,j -p.  kf\  arid  »  Ih*.  took  it  wa* 
refreshing  to  lx*  invoked  in  a  pout-i  t  w  In.  h  wa  as  mu  ees'lul 
as  f  tns  one  The  ant  hoi  s  and  the  ma|<  *i  !  n  lilt  i«  s  mv  o|  \  rd  .i  i  < 
to  fx*  congratulated 

J.  P.  Breslin.  Member,  and  T.  G.  McKee.  4  Visitor 

iTofx-lli  r  milui  ed  pressures  on  thr  .i!lrrl»*»dv  .,t  |)H  \(  >  I  '" 
w  it  flout  fin  have  recent k  •  \i»\cinl*  i  I  dsj  tx-.-u  .  an  put.  .  i 
j.s  a  part  nfthr  documentation  of  the  Ml  1  PI  piojx  llei  (ml 
program  dew  Tilled  in  tlx-  Ifrrshn  et  al  paj>ri  givi  n  «•  nliri  in  tins 
volume  (  omparisoiis  of  the  pressuie'  at  t  iv  (  | Hunts  as  mr.i 
surrd  and  rr|»nrtrd  in  f  ig  In  of  th<  present  pa|xu  u  it  h  thosr 
call  'dialed  are  •  how  n  in  fig  ‘i  I  of  tins  disi  ussinn  H»  n  w» 
compare  our  Lalculated  double  atiiphtude  for  the  rigid  «  on 
ditioii  on  (he  water  surface'  witli  flic  mean  of  lh<  *>  jx-r*  rut 
highest  \ .ilues  measured  on  the  model  al  SM'\  This  is  the 
level  uvd  hv  NM’\  tor  predictive  purjmses  as  explained  earlier 
m  tfie  Hreshn  el  al  pajxr 

' 1  I  ).IV  I<fsnn  f  .afmi.ifon  S(evriis  fuslinilr  .a  In  Imolugv 
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it  is  seen  Out  tlie  correlation  is  excellent  near  to  the  propeller, 
but  beyond  0  25 0  the  calculated  values  are  about  half  of  those 
from  measurement 

As  the  theors  does  not  include  tcrrqioral  variations  of  the  flow 
and,  hence  no  statistical  variations  in  pressure  amplitude  (or 
phase),  it  is  reasonable  to  question  the  significance  of  correlation 
with  a  particular  part  of  the  nonstationary  model  test  output 
The  agreement  might  lie  considered  as  fortuitous,  but  of  highly 
practical  value  since  the  twelve-year  experience  at  SSPA  shows 
that  their  means  of  the  5  percent  highest  amplitudes  correlates 
well  uitfi  full-scale  results. 

<  (learls ,  the  predictions  made  s  la  an  ad-hoc  theory  ileveloped 
hurriedls  at  Davidson  Icilmralory  comjsare  poorly  with  the 
maxmuiiu  amplitudes  in  the  authors'  Fig  39  for  'he  fililess  case 
A  decision  to  represent  the  cavils  potential  by  only  three  terms 
Iwhich  dominate  the  lar  field)  is  now  seen  to  he  a  poor  ap¬ 
proximation  in  tlie  near  field  A  more  effective  ad-hoc  model 
is  U'hesed  to  Ik'  that  developed  ill  the  discussion  of  the  H use 
(luogiang  pajH-r  In  Hrcslin.  which  ap|iears  earlier  in  this 
volume 

In  any  event,  the  calculation  of  hull  pressures  arising  from 
intermittent  cavitation  must  lie  regarded  as  still  in  its  formative 
period  We  must  ex|>ect  that  theoretical  conceptions,  which 
unhide  the  physics  of  the  phenomenon,  will  give  far  more 
consistent  results  than  the  ad-hoe  formulations 

Schott*  Hylarid**.1'  Visitor 

This  |ia|«T  contains  a  great  amount  of  practical  design  aspects 
oil  vibration  problems  aUiard  shi|>s  as  generated  by  the  pro 
pell  er  Their  use  the  pros  and  cons — the  considerations  as 
lo  which  choiic  should  Ik1  made  between  the  various  possibil¬ 
ities.  are  dealt  with  very  extensively  Also  is  illustrated  the  fact 
that  mam  questions  are  still  open,  so  that  very  often  the  de¬ 
signer  lias  to  o|>erate  on  intuition  I  therefore  think  that  wo 
unanimously  agree  in  complimenting  the  authors  for  their 
valuable  work 

In  spile  of  the  rather  extensive  description,  it  is  mil  clear  to 
me  why  finally  the  floss  accelerating  fin  with  the  original 
propeller  w  as  selected  In  my  opinion  w  e  can  state  the  problem 
as  follows 

•  the  vibration  level  is  acceptable. 

•  the  noise  level  is  by  lar  too  high,  and 

•  the  cans*'  is  the  intermittent  propeller  cavitation 
Knowing  this,  the  alterations  on  ship  or  propeller  should  lie 
aimed  at  reducing  the  higher  harmonics  of  the  hull  pressure 
fluctuations 

hooking  to  Fig  25  nl  the  paper,  one  directly  concludes  that 
for  the  higher  harmonies  the  tunnel  fin  is  by  far  more  effective 
than  the  floss  -accelerating  fin  Although  not  mentioned  in  the 
text.  I  exjK'ct  that  Pro|>eller  \  (the  five-hladed.  w  id- blade 
propeller'  is  also  sits  effective  m  reducing  the  higher  har¬ 
monics  I  Ins  opinion  is  based  on  the  large  effect  of  Propeller 
A  on  tlie  pulses  with  blade  harmonic  (requeues  (Table 9  Fig 
24)  and  on  the  complete  redesign  of  the  propeller  that  has  lieen 
performed  So  the  obvious  solutions  would  be 

(a)  tlie  tunnel-fin.  or 

(b)  the  5-bladed  newly  designed  propeller 
Yet  the  flow -accelerating  fin  has  been  selected 

According  to  tlie  |ia|ier  the  flow -accelerating  fin  was  selected 
because,  according  to  the  SSPA  vibration  criterion,  lor  this  fin 
the  pressure  limit  is  the  highest  The  authors  start  the  justifi¬ 
cation  of  their  choice  with  the  words  "If  it  is  assumed  that  the 
SSPA  vibration  criterion  has  general  applicability  etc  In 
my  opinion  l  his  assumption  is  not  correct  This  c  riterion  has 
heen  liased  on  experiences  with  ships  without  fins  and  therefore 

''Maritime  Research  Institute  (MARIN).  Wagenmgen.  The 
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cannot  lie  used  in  a  case  where  the  fin  is  applied 

When  applying  a  fin  the  pressure  field  around  the  propeller 
tip  will  liave  lower  amplitudes,  tail  due  lo  the  smaller  clearance 
tlie  ship  structure  is  moved  into  the  region  with  high  pressure 
amplitudes  These  two  aspects  combined  result  in  a  different 
pressure  distribution  on  the  structure  with  respect  to  amplitude 
and  phase  The  integration  of  this  pressure  field  can  Wad  to 
lower  nr  higher  lori  es  and  moments  than  originally  In  case, 
for  example,  that  with  a  fin  the  vertical  force  F.  is  larger  than 
without  a  fin.  one  may  expert  that  ihe  vertical  vibration  level 
increases  proportionally  The  increase  of  hull  stiffness  due  to 
tlie  fin  w  ill  have  a  negligilde  effect  Furtlier.  one  can  state  that 
larger  pressures  lead  to  larger  forces,  unless  the  phase  distri¬ 
bution  is  changed  so  that  the  |>revsures  liaiancc  each  oilier  loa 
certain  degrre.  Rut  then  a  reduction  oi  tlie  excitation  system 
can  only  be  small 

Tlierefore  at  MARIN  we  state  licit  pressure  fluctuations  have 
tol*'  reduced  it  a  fin  is  used  The  decreased  vertical  clearance 
surely  is  no  reason  lo  allow  a  higher  pressure  level  on  the  fin 


Authors'  Closure 

The  authors  sincetely  thank  all  of  tlie  discussers.  Their 
contributions  have  greatlv  enhanced  the  value  of  our  paper 

We  will  reply  first  to  points  raised  regarding  the  propeller 
design  and  [impeller  performance  Then  we  will  respond  to 
other  points  including  those  associated  with  hull  pressures  and 
forces,  fin  selection,  and  airlairne  noise 

Several  discussers,  including  Messrs  Zalnunm.  Haestad 
Hammer.  Noonan  and  Professor  lladler  commented  on  the 
seven'  requirements  regarding  maximum  allowalde  blade  rate 
iiearing  forces  that  were  imposed  on  tlie  propeller  design 
Essentially  all  of  these  discussers  fell  that  these  requirements 
were  too  severe  As  discussed  hi  tlie  paper,  these  Iiearing  force 
requirements  influenced  the  design  ol  the  propeller  on  the 
AO- 177  to  a  much  greater  degree  than  is  usual  practice  The 
I !  S  Navy  requirements  and  rationale  that  led  to  tlie  maximum 
allowable  Iiearing  lories  are  summarized  in  tlie  paper  and 
amplified  in  the  discussion  hv  Mr  /.aloumis  We  thank  Mr 
Zalounus  for  ihe  supplemental  information  in  his  discussion 
The  rationale  for  blade  rate  thrust  includes 

1  Mll.-STD-l(i7  for  allowable  vibration  level  in  the  pro¬ 
pulsion  svstem. 

2  Propulsion  svslem  vibrators  res|>onsc  calculations 

3  Empirical  multiplicative  tai  lors  on  the  call  ulated  pro¬ 
peller  forces  lo  consider  the  influence  of 

tul  modulation. 

(b)  nonlinear  effects  at  high  s|xed  and 
tel  turns 

Mr  Zalounus descnlied  the  derivation  of  the  empirical  multi¬ 
plicative  factors  His  discussion  answered  some  of  the  questions 
asked  by  other  discussers,  so  those  [K>mts  will  not  be  repealed 
here 

The  empirical  multiplicative  factors  inherently  include 
factors  ol  safety  for  the  influence  ol  pliciiomcna  that  presently 
cannot  U*  calculated  dircctlv  such  as 

1  Wake  scaling  effects  (differences  in  tin-  pertinent  har¬ 
monics  of  the  nominal  wake  lielweeii  model  and  full  scale) 

2  Effective  wake  distribution  (influence  of  the  propeller 
on  the  pertinent  harmonics  of  tlie  wakcl 

3  Possible  effects  of  cavitation  on  periodic  propeller 
loads 

4  Possible  effects  ol  the  free  surface  on  periodic  propeller 
loads 

5  Inaccuracies  (including  inaccuracies  in  model  wake 
experiments,  propeller  loading  calculations,  shafting  response 
calculations,  hearing  support  stiffnesses,  etc  ) 
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the  authors  ape*  w  ith  several  t >4  the  di>  ussers  vs  ho  suggest 
that  the  empirual  multiplicative  factors  are  overlv  conservative 

<  oust -(value  tailors  ol  vdetv  art*  reasonable  engineering  loots 
so  lone  asthev  do  not  lead  toother  problems  I'nlortiinatrJv. 
this  did  not  turn  out  to  In*  the  cast*  on  the  AO-  ITT  The  authors 
lulls  (‘iiiinr.M*  Mi  Noonan  s  suggestion  that  tht*  empirical 
multiplu  alive  (atlors  slioultt  In*  curefulk  reviewed  atul  relaxed 
as  appropriate 

\s  dry  iixmsI  in  t lie*  luper.  the  authors  agree  with  Mr  Haestad 
that  tlie  ai  t  ur.t'  v  ot  predicting  l*-anng  lorees as  low  as  l  per 
eenl  ot  ilu  tune  average  thrust  n  jw  «or  However,  it  i*>  tt*lt  that 
|N*riiHj|:  In 'a  i  mu  toree  ealt  ulatioio  tlo  v  leld  a  reasonable  nu.lt- 
i  alien  <<}  the  relative  [>ertermanee  or  ranking  ot  different 
laiuihi.ite  pi opellei s  .design  options  Hie  uneertamtv  m  the 
i  ah  uljletl  | x*t  it *t lit  Ix-aiing  I* 'ices  is  considered  ill  tilt*  empirical 
tat  tor  •.  .  >t  N.iletv  as  dm  n^'tl  in  the  preceding  parauiapli 

\\  *  also  au* «•»  with  Mr  kaest  ill  that  the  l>e.«niig  toree**  in 
turns  .ini)  ai.tigla  die  id  ate  t  ssrntiullv  unrelatei!  I*eca>isc  the 
wake  pa'teru*  an  .  oiiipi*  t<  )v  ddleient  lor  these  twa  uw 
I  low-  if -i  '  iii  •  v\ ak< ■  i lata  aie  not  in  gcneial.  available  in  turns 
th<  in..  Milium  «  ai  mu  tones  m  turns  ait*  einpiricallx  t*stimateil 
*o  l«  'no-*  Mines  the  maviniuni  U-aitng  lorees  m  stiaiuht  ahe.nl 

*  'per.il  t>  'in 

M*  Hammei  taisttl  si-u  t  <1  *juestioiis  regarding  tlie  propeller 
ilrMi'i  He  stairs  that  tlie  teal  villain  III  tills  ease  is  the  hull 

wtmh  pimiueiei  t*  >  j . .  .sake  in  which  the  propeller  must 

< i| n * i  .mil  the-  pro|N-llri  maehmerv  studies  w  hit  h  dictated 

ver  ,  ill  allowable  blade  »ale  hearinu  toree  i  olli|»oiients 
t-  ron.  ''n  propeller  designer  s  |H»int  ot  v  lew  the  authors  cer  • 
tali  ',  .u'tei  w it 1 1  rim  assev-meti!  However  troll!  ovtT.ill  ship 

*  Irsiv  sew  j>oii't  the  -dor  v  n  more  complicated 

I  t  -  r.ull  itesiun  lor  M>  I  77  was  completed  eight  \ ears  ago 
It  a  {.-signed  primal  ilv  lot  luuh  propulsive  eft ieieiiev  whieh 

*  . * 1 1 > * i  t ■«■  , p/.i nf it ieel  th-'.i»iuh  model  rxjienments  This  was  a 
reij-i  -  merit  imposed  of.  the  design  to  ma\nm/e  range 

It  i s  i*  i < *uni /eel  that  ‘Ins  hull  | >r < k!i u  ril  a  severe  wake-  in 
the-  pi.  pt  Her  plane  i  lowever  at  the  tune  ot  tin*  hull  design 
riit'ii  .asm*  reliable  v  al 'dated  let  !mi(|ile  leu  pre-diet  mu  pro- 

I . . . . d  hn'l  v ti  -mi ioti  anti  airlmrne  noise,  eertainlv  none 

that  was  appilt  able  t>-  a  hiuhlv  skewed  pro|>eller.  or  to  a 

SI  se  t  nf,.|e.|  p?«  |*e  !el  HoweVeJ  it  Was  |1ldgcd  that  tilt* 
i  ofni  iii.i'  on  ot  hiuh  skew  and  generous  tip  l  iraratu  e  i  >0  per 

<  ml  ot  diameter  on  ilu  NO  !" 7  would  mmimi/e  the  likelihood 
ol  il"  se  prol>!.  ;n  .  I  ,  tar*  (lie  NO  ITT  as  limit  w  itlioill  till  was 
sat i  !  i.  •  <* -  ‘rotn?h'  \ ’btation  pennt  ot  view  lint  suffered  from 
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exeessive  noise  It  remauis  the  « 'pinioiis  -Ml.;  ai.'h-'i  n 
the  sfup  haei  an  uriskew t*d  pto|H-lle;  vidit'H  '.r:i«  i t *- 
l»ladev  and  ult  iiln  al  otlier  paramet*  i' (h*  i  '  •  ’•  s  •  ,  •*  - 

lion  and  noise  woulil  lie  mm  h  hiuht  i  *b.m  w.e-  *  » ; x  is-  n.  * 
the  A<  >177  with  the  skewed  pre»pelli  i  In  am  •  at  i it  to 
designers  selt*eted  a  know  n  uam  in  pr * •)  -i’s  m  >  “  •  i* ■::*  . 
reduemu  an  unkne»wn  risk  ot  piob!ei:e  ass..,  w  *i 
v  iliration  or  noise 

Mr  Hammer  filed  three  hiuhlv  siw  i  ev»!..<  -k*  w*  d  pr.  ;  x 
applied  t«>  nierehuilt  ships  These  pio|»e||ei'  .*r  d  l tit  \(  ' 
pro|x*ll«  i  ate  show  n  in  l‘iu  *>2  w  it l ■  llm  *  l* *-i » : »  \l!  -t  1 

merehant  ship  propeller*-  were  «lesiun»  ■ !  1  i  M  \  M»!  >( 
esvntiallv  the  s*tme  lei  hm«|m-s  anil  phdo  -  T  .*  w.e  e  « 
the  NO  I  77  projx-ller  desiun  Howev»  i  d.  wake'i-iaii 
mitv  and  U*armu  toree  reijuiremt  ills  ale  m  seven  !*■ 
AO- 177  These  projx*llers  exhibit  a  w  -ie  vai  i<  :v  f  os.iiu 
I  tax  *t !  on  tint*  tiitimu  ot  the  pro|x-lit  is  t*  -  the  p  eii  ;  e  \  T 
ttesiun  rei|iiirements  The  pi  imai  v  dep  e’ ■  *m  .  !  I  .  ' 
pro|H*ller  from  these  designs  was  the  use  s,  i  blade-- 
smaller  diameter  Seven  blades  did  not  din-«  tlv  i<  td  t-  - 
lems  on  the  A(  M77.  rather  the  sli(<rt  tin o < U  n«-  u  die  t.p-  *, 
are  a  bv  protluel  of  the  hit*li  number  e.f  bl.eele-s  ,.nd  d 
ipiirement  to  avoid  a  {xmited  trailmu  eelue  •*'  u  tie  ’ 
lnl»utt*d  to  the  airtxirne  noise  problem 

Table  1A  herewith  eompares  the  I  Title  Irr-pien*  \  be 


Tabie  15  Blade  rate  bearing  forces  on  comparative  skewed  propellers 
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tone  letjuiremeuts  loi  tin*  \1)  177  * ith  the  calculated  blade 
1 1  tntiu'iii  \  Ix-armg  forces  on  the  XO  177  propdler.  on  the  duet 
cases  cited  bv  Mi  Huuum-i  >u  their  re:  pective  design  w akrs 
and  mi  h\r  uul  six  bladed  prop-ller  design  options  loi  the 
AO  177  \ll  cult  Mated  Values  are  I  used  on  tlu*  procedmes  used 
loi  tlu  XO  177  prop-ller  design  as  xliMUssed  in  tlu*  pap*t 
Table  lo  shows  that  noiu*  o!  tlu*  propdlers  except  tlu*  seven 
bladed  M)  177  piop-llei  tmvts  the  1  Taring  Imce  requirements 
iuip*st*d  mi  tlu*  \( )  177  piop'llet  design  This  illustrates  that 
the  severe  Ixuimg  loit  e  requirements  drove  the  design  >>1  tin 
VO  177  prop’ller 

Mi  Mainmei  asked  vv  hat  w >  >u hi  w«*  tin  ihtieieullv  it  w e  were 
designing  tin  \( )  l77  tixlav  w  ith  Ireilrlit  nt  todav  s  know  ledge 
baM-.allv  .  we  Wfiilii  tin  three  things  thlfeientlx 

1  I  Vsign  the  hull  w  ith  a  hullxuis  stern,  as  discussed  1»\  N 1 1 
bv  ei  s.  to  pi  nth  lee  a  i»H»n*  undone  wake  in  tilt  prop*ller  plane 
\ltcinativeiv ,  use  an  op*n  stem  hull  design  tv  pit  a)  nl  mum 
existing  l  S  Viw  atixrhaiv  anti  eoinhatant  ships  w hose  mam 
hull  w  akrs  are  \  ef  \  mud 

2  Make  a  ditteienl  tiatlenll  lx*1wet*n  a  hull  design  tm 
maximum  propulsive  etlu  iem  v  and  ot if  designed  t of  retimed 
nsksnt  vihiatn>M  an U»i ue  nnise  am)  eaMtatmn  einsmn 

i  liu  reave  the  maximum  allowable  Made  late  IxMiing 
Inti  e  1 om  p  an nts  aiul  design  a  list*  bladed  skewetl  prop-ller 
is  t list  ussrtl  i * i  die  pap-. 

Mr  Haniii'-t  aske.t  w  ht  the*  the  pit  -dieted  resonant  e  in  the 
p*  s\  xtcni  at  10  II.*  w  Im  h  eliminated  consideration  o! 

a  S|\  M.ided  p:np!lel  w  as  .  l»sei \ etl  ill  the  trials  \s  diM'tissed 
in  the  ;  ajH  ?  tin  ti  la'u  m.ln  all  d  that  tins  resonance  «k  t  in  led 
in  at  ’  .  11  '  I.I'  ?n  !  t  ll.Ot  1 '  H.-  Tim  lathe!  pH 'I  pr  fillet  li  >l!  ■  'I 
’  rvliM  «  e  I  Its  ;i]f|ii  \  (■  p[  iMl.U  d\  dllf  tt  >  II  lal  *l1lt  \  I. »  Utl«*qU.ltelv 
jiii  d u  I  d;  «'  Mur-'  nl  the  U  .uillg  Mlpput  III  tile  design 

I't.  t ess, n  |  iatilt  I  'liafetl  some  nl  his  design  exp-nrut  e  ami 
ii  it  -tit  i  •  \  ,i  I’  ia*  i  "ti  tei  hi  in  pies  w  ith  us  u»  Ills  tlist  Ussinn  I  he 
authni*  !  hank  him  'nr  tins  Mm  h  nl  his  experience  o  sum  la  i 
'■  ■  mi' '  .t'  diseusM-d  in  the  papr 

l'i  M  nllet  anil  Mi  biuinc  t  lie  a  Relief  a  1  guideline  o! 

lov*  ..due-  nf  >  mdx’f  tir.tt  the  tip  tol  reducing  the  likeldu mx! 

■  •!  .  aviation  einsmn  U-nl  ‘lading  edges.  anti  minimal  fiat 
;  in  *r  m  *  nl  blade  t>ft}iifiu-\  hull  lorees  Tins  guideline  is  ha  set  I 
pi  in  .a  i  :h.  >i  i  t-xp-rieiit  t*  w  ith  nnskewetl  prt»p*llers  However 
die  i flat iv el\  Inch  value  of  t  amU*r  it*  elioitl  ratio  neai  the  tips 
nt  the  \< »  1 77  privpetlet  is  due  to  short  t  holds  rather  than  high 
.  amU* »  Furl  lie*,  these  are  sigmiieanllv  influenced  h\  lilting 

Mifi.ii «  .  nt  iei  tmns  tine  t«*  skew  so  i\  plea]  values  applicable  t « * 
inskewet!  pmpelleis  are  not  luvessailh  applu  ahle  heir 

Tmlesst *i  Hatllei  reeommentled  avoiding  a  p*mted  trail 
mg  edge  profile  near  t  e  Mps  I’muted  trailing  etlge  pmliles 
•u-a i  di»’  tips  were  unavoidable  on  l*nth  tlx* original  aiul  redesign 
[*i> >l*ellt  i '  nil  the  \<  >  177  tine  t<»  the  set  ere  1  Taring  Imre  el  i 

Vila  I  ;  t  I  he  I  die  l  hire  skewed  piop-llel  designs  diseussed 
v  Mi  ilammet  seelig  "vl 1  h.itl  p*mtts|  (railing  etlge  pu*l  lies 
m  ar  »ht  tips  w  tlhniit  si^mlit  ant  t  asitallnii  eitwitMi  pinp  llei 
i rit  1  •  it  ml  s  ihiatimi  •"  pinp’llei  uitlueetl  aulH*rne  muse 

Mi  I  .i W :  kiima  i  niiet  tl\  e»»inmeiitetl  that  the  thamelei  »*1 
tlie  \t )  177  pit*p*llt*i  is  less  than  the  diametei  for  optimum 
pu  pulsis,  et t it  lent  \  The  thailieter  fix  optimum  piopulsise 
i  dieien,  %  7  tt  m  1 2'y  It  and  the  t-oriespuuling  optimum  m 
tatmnal  'p-etl.  1 00  rpin.  were  seleeletl  during  the  prelimmaiv 
design  stage,  hnwesei  the  thameter  was  retlueetl  tot*  \  m  <2 1 
ll  liming  the  detailed  design  stage  to  meet  the  l»rariiig  I  out 
iiiteria  (  aleulalioiis  mtlieated  that  tin*  smaller  thanu  ter 
would  i  am.-  tiisigmlit  ant  loss  in  propulsive elfieienev  ami  the 
sinallei  tliametei  resiilletl  i  >  a  lighter  profiler  with  largei  lip 
.  lea  ia  i  ite  Tla*  retlut  tmn  gearing  was  fixed  w  hen  the  diainrtei 

w  as  rt-tlneetl  m*  the  rpin  t amid  not  l»e  im  reasetl  In  its  optimum 
value  tor  a  t»  t  rn  iJI  lt(  thameter  However,  ealeulations 

t'.in,a»s  ,vh1  Ciutet  tmns  t.  i  t'1 


shnwed  that  |)n>pulsive  eltn  ieiu  v  is  mseiisilit e  n-  .  haiige  in 
tlesign  i  ntal  loiial  '■ \  *eeti  t  mm  I  tH  i  •  p.n  » . <  !  JP  i  p i :  i 

Mi  lakekmn.i  'Uggesteil  lughei  v.ii  ies  nj  pi.  p  llei  ex 
pa  i  it  let!  aiea  i  atm  than  that  used  I  nr  the  AO  177  pmp-lin  The 
blade  *  hold  lengths  jl  e.n  h  l.uhus  * ■( i  the  \0  !"7  pmp  ilei 
weit-  tieler mineti  bv  atialv  sis  hast  d  up’ii  set  tmu  »  ,o  it., 

tmnbiukets  Tlu*  resulting  expanded  aiea  rati.  ■  \,  w.i- 
i  heeketl  against  mmmnini  t  i  iteria  o!  Kur*  ill  ami  1  run  am  ">s 
ini  treeiintii  trniii  lhnt->l  lifa*akd"wn  ,o.d  "I  \  imlgten  and 
I'Mtiic  Is*  lor  iret-tinin  Imm  t  \n*ssi\e  i.ivitatmi.  eio-mn 
However  Trop-lh-i  \  evaluated  .»l  Ssl' \  and  tin  pi.  p*s,-d 
retiesign  pmp  iler  had  widei  blade-  near  tin  Ups  re-nilmg  in 
highei  v  dues  nt  \(  1  he  value*  » T  \/  \  an  a- 

|nw  s 


Piop-llel 

\o  r:  ii  - ; 

Prop  ll«  •  \  ti  s.: 

Pit  p*sed  ledesign  Ini  \(  >  177  M's.; 


\  ahu  '  suggested  bv  Mi  1  akekuiiia  n  s  i 

NMdei  blath-s  rnav  help  allev  ial«  the  p.oblein--  that  i  ur  led 
on  the  \(  >  177.  how e vet  i  ale  must  In  exert  ised  tn  av on!  ex 
eessixe  Made  w  ullh  Ih-v  .tim  Hit  re.miii;  I *1  t«!<  w  idth  •  a>|ses  m 
creased  weight  Hit-teased  cost  ant!  tedmeil  j’i>  pul'ixi  •  - 1 !  ■ 

•  lent  v  tine  l<<  lilt  leasetl  \  m  mn  dug 

W  e  t mu  in 1  w  t. ■  i list  i|ssit*n  j*t *u it s  i elat mg  *«  the  p»  >|*e!li  i 
induced  exi  itah.-i.  pr  sue'  ship  resp-nse  and  mbnaitl  i  ni 
and  the  aitt  i  native  tm  drsigm 

Vtr  Bvirue  »nd  Mr  V«mia!i  expressed  -.n-ii  si  ;(  ,n!.  ni.ali’ •:* 
t  nr  it  vi  mug  the  he!!  gn-  lei  v  ibiatmn  and  t  hr  I.  s  .*  i  k /« t  i  d«iat  :.m 
III  the  tl.  iihlesnine  .  ompaitlliel.!'  •  •  lh*  sh.p  »  »•  .'.os,  w  - 

aglet-  sin  h  data  would  l*«  use*  and  <n|  i-'in.  ntat  -  ml.  . 
mat  ion  IT  «w  ever,  extensive  Its  al  .  nnij  >ai  imeli!  \  il  ■!  ttini:  da*  a 
tin  r it *1  exist  ami  untortuiialelx  the  hull  gutlei  iblati  >n  data 
i"!  this  Nav  \  ship  ale  les(n<  ted  \ev  ei  t  lieless  g  |nav  is  •  •  *t  1 1 1 

that  (he  eim  lal  vihiatmn  i'nu  p*iie:it‘  m>  amied  at  the  usual 
repieM-ntative  locations  mii  it  as  the  vt  iti.  al  amplituiies  at  lantail 
cel  it  ei  line  no  the  main  tleek  aiul  the  Imii/ont  t!  a  l  r.  pht  mles  at 
t  lie  top  t if  (he  t/ei  kilt  »use  w  ef  e  fi'iimf  ti  •  he  av »  eptabit  t  ft  ter  Mis 
t‘f  l h *t 1 1  the  l  S  Nav  v  slantlaitl  and  the  i  .mgt  *  it  t  .•mu.emletl 
hv  »ht  International  Standards  ( )igaiii/atmi.  m-,  -  t  vamplt 

releieiitf  It*  '  1  hereb*!e  t he  gudt  t  v  i! *r al  i*  r-  It  \  els  ai e  ru  t 

ci'UMtleietl  to  lx-  extvssive 

Mr  blames  iecommemlati«*n  that  the  mean  values  of  the 
thud  blatle  late  h  atiimuii  <»t  tin  measured  in. sit  i  s.  ale  piessuu 
pulse  amphtmii*s  lx-  uv-tl  tm  Ix-st  n*i  relation  w  i;h  th-  *l>sei  x  etl 
changes  ill  veiv  low  tietpielitv  lull  stale  ti  il<  *  1 1«  >i  imist  is  in 
teiestmg  We  Ix-heve  that  a  reliable  erupunai  tieml  tm 
I'ulgmg  an  intei to;  noise  eniielatmn  shouLI  lx  estai*lished  using 
numerous  examples  not  nist  (Ins  t*ue  »  a  sc  \Nemav  oPserve 
that  there  are  verx  tew  publrslitxi  studies  mx  olxiug  inter  ;<  *i  noiw 
»*xcitetl  bv  die  prt>|  teller  \N  e  have  ton.  . -uli.it  etl  on  nulgiiig 
the  pn*b.d*le  mei  its  ot  om  v  at  ions  t  min  list  op’t'  *- 1*  based  on 
lilt  relative  levels  nt  the  piessnie  pilUt  amphtades 

In  answ  et  to  Mi  bjiinie  s  Migg<*stmn  aU*ut  llx  p*\si!  u  s»’une 
of  interior  noise,  we  Ix-heve  that  tl  is  uidikeh  that  then  are 
silt f it -lent  lixise  hulkheatls  tletat  hetl  stnugeis  et.  tnevj*laiii 
die  widespieatl  ixvilirriite  •  *f  inim.itd  anl*mne  ums«  on  I  ht 
AO  177  as  nifr/mg  iesp»nse  tt*  low  tietpieiuv  vibiat’  -u 
We  aie  I urtlit  i  uiilebtetl  to  Ml  bi.urie  loi  his  dal  i  on  tlu 
laigepiesMiiepulseamphlutlesth.it  uuv  .ut<*mp.im  j*r»  |x  l 
let  hull  vortex  cavitation  for  a  prop  ilei  in  a  dm  t 

Mr  baest.ul  inquitetl  w  hethei  the  t  har.tt  ter  Mu  s  .>|  >  \ps  let! 
sujx-rstructure  vibratmn  mlluencetl  the  .  hon  «  nl  numU-t  nt 
blades  Theie  were  numert»us  ehet  k  t  ah  ulatmiis  p  rinnued 
t*H  the  natural  Iretpieiieies  nl  tv  pit  al  panels  and  stibsti  iu  lures 
Ith  aletl  thmugliout  the  stem  nl  the  ship,  but  estimated  snp  i 

opoilef  f  *.  ged  Airt'oim*  Nl. 
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Fig.  53  L  ompanson  ot  measured  blade  tale  pressure  pulse  amplitudes  with  compute  i  v.c-.- 


- 1  r  *  it  •  i  ■  ml  !  leiu  ie-  were  not  direcllx  «  onsidered  m 

'In-  ( •  ,«•  ; i.  r  i !»■* m*i  !’rr*\  inns  \.i\ \  ut*  has  show  n  that 

'  w*  ,■  ■  * ■  * j « •  f s blade*  \iji  b  ,i'  lour  nr  five,  are  more  likeK 
’•  !i  :  t  i  ■  *  *  t  *  i*  ul'u-s  along  these  lines  Two  resonant 
..  --I  i!  *  i!»  «  l  home  were  observed  during  vibration 
»*.•  t:t  m  .lit  ied  ship  in  each  case  die  res| rouse  was 

-i  \  : ;  1 1  . t.i!if,S  .mil »  v *  n  .* I (lit*  vibration  levels  at  the 

!>}>».  ;|i-  were  .ill*  wed  to  build  up  to  p.ak  ri‘S|miLM,( 

'he  i  iphto.les  were  f.M»  fudged  excessive.  as  explained  ear 
t  H  r 

M  :,.i-li.t  i  o  .*  • » i  1 1  i.o  »  ait.  olations  nl  (vrKxlii  pressure 
aiiipii’  .  '>swr"  t  .ortril  "al  bv  Pn\  and  rejmrted  in  reference 
'•  I.  r  ■  \<  )  In  i  M  w  ithoni  .mil  w  it  li  the  I  low -accelerating 

In.  I  ■ . •  ■  - l.il  i  w -t*'  i  •  1  on  hided  m  |;ig  liecauseonlx  two 

1  'li<  :  •ir*  ir1!  witfne  the  longitudinal  interval  covered  bv 
i . .  i - 1  -  *hc  !•"  ii  tiend  is  i m *t  clearlv  detmed 
I  !•  ■«* .  ■  •  this m-moii  i  «  nrrcrtfd  w  itli  Fig  T  v  w  Inch  shows 
:  ‘ii  I  >•  A  i  ■  -op  it*-.!  Made  r.it<-  pressure  amplitude  |w>ints  tor 
. i>  i i  -  iiul  1 1  rnpar  (son  w  ph  the  model  and  tull  si  ale  mea 
iio  •  •  ■  t  •  i  • 1  I  in  I  la  lei  |  i;  •  ■  'it  v  is  tor  ,  w  o  measures  of  ttie  ITU  niel 
.  ili  i.".  i  i he  t i;t -.tc  . T  the  highest  T  | **rcent  amplitudes 

!-■  .  !  »  <  i'ii  *  i s  oid  2  the  inaMliiuni  oscillograph  v al- 

i*  nlaled  v al'ies  tall  Iwlow  the  maximum  oscillo 

.  • : .  1 1  •  t  .  .  -  .led  v  .lines  t.  it  I  mill  w  ittii  nit- 1  in  and  with  fin  cases 
t  ■  >  .  i  •  "I  n->  tm  the  agreement  Iwtwern  the  DnV  I'oin- 

p'O,  i  ,n, |  1 1 ! • : • ! \  .,nd  the  highest  .*>  pen  r'lit  cuixe  is  «*m  el- 

M  t .  *.  'id  also  pointed  out  that  we  dirt  not  include  com 
p.e  is.  i,  pattern- of  i  all  ul.ited  and  tnrKlcI  olw4T\ations 

<  I  exi.  .  .i s  ii.it i. in  Mthough  interesting  and  pntcnhalK 
■isef  nl  .  oinpar  isi-ns  tiavc  not  I  wen  presented  lieeailM*  of 

'  tie  \  ■  j,  ,  .f  fins  pa[w  r 

W  «  lt  .uhlv  efnlorsi  1  he  idea  stated  bv  Mr  Kacstad  and  Dr 
Kaplan  tfi.it  then  o  a  distin.  I  need  lor  earls  stage  guidance  on 
•In-  j  m  >ss  1 1  >i  I  tt  v  ..I  nrctcadv  •  avitatmg  pro|N'l|er  excitation 
I ifoti'eno  iti.it  ■  oiild  Ih  pr oxided  t*v  analvtical  prediction 
s«  III  mrs  V|i  h  as  ! hose  des«  nited  hliellv  m  Appendix  2  \t  least 
H;  t In •  t  S  \,»w  desfcn  <  oouiimiiU  the  rxj»rriciice  with  t  In- 


AO-  1 77  lias  added  an  impel m  t.  ■  ai  Is .  ities  s|.o ted  some  \  ear' 
ago  to  upgrade  capahilitv  and  mituitt  t r»  d-  duei  tn-to  tor 
search  in  this  area 

The  use  of  the  term  airborne  noise  to  drs«  nbe  the  noise 
levels  detected  with  a  microphone  and  |>ric<  i\ed  i»v  the  c.o  m 
the  interior  spaces  ot  a  ship  i  ontorms  to  l  s  Vo. '  m.nli.  r 
rhus.  there  is  simph  a  scrnanti*  a  I  difference  in  twecii  the  la  I  *-i 
and  the  term  strut  turcUaiic  noise  m«*nt i< l*\  M»  h.o  dad 
to  desert!*’  tlic  noise  levels  measmed  m  ait  transmitted  t.  the 
compartment  In  a  structural  path  Perhaps  a  better  term 
might  lx1  interior  noise 

Mr  Takekuma  r|iiestioned  whether  it  w  as  mcoiiso’ciit  tbit 
airborne  noi.se  was  the  dominant  problem  on  tins  ship  v. hilc  the 
pressure  pulses  measured  m  the  m<sh  I  tests  showed  tli.it  the 
blade  rate  component  of  |vrji*dn  presvire  was  largei  than  anv 
ot  ttie  lughet  harmorm  eom|«*nt  n!s  Tin  t.u  t  that  the  mt'  i  .*  r 
airlvorne  noise  levels  maead  ot  Imll  vibiation  w,is  the  niaiii 
problem  m  mam  after  spates  of  ;  bis  ship  w  ,e  Minpb  a  mitt,  r 
r>t  measurement  and  eompatisou  with  allowalrle  i  nleiia  VN  e 
see  no  reason  to  siip|Kise  that  lh-  absolute  levh  of  »be  Inu'im 
harmorm  pressure  ptilv* c< »r i » mJs  v< \  f tn»s<-  m  t)w  ;am;<-  >i 
It/  tr»  2.>tl  H/’  ru'ed  to  lx-  larger  than  tin-  blade  latr*  leveis  in 
order  t* »  eausi1  excessive  interior  noise  ^  hat  n  im  ol\  erl  lien 
is  a  complicated  transmission  pio.  *  -s  1 1 i  ,t*  pends  on  tin-  tie 
tpiencv  -rleixeiident  mi|H*(tanr-e  .  h.»ia«  t*  i  ot  n  .  ,*t  the  si i  m  tin r 
atui  the  detailed  noise  radiation  propel  t  n-s  o|  ttie  Unmdar ies 
of  ttie  compartments  W  it  in  mi  detailed  >.t  mi  ver  v  ev|Kfoo  e 
aeoustoelastie  eahbratioti  < >♦  the  stnp  all  we  can  s.o  al*oiit  the 
particular  com jxisit ion  o|  pressure  pnU-  sjNx-tra  lor  the  \(  T  177 
is  that  the  higlier  fnKjuenev  exeita’ion  leseb  were  large  enough 
to  cause  the  problems  ilew nU  d 

Mr  Takekuma  jaunted  out  that  the  net  impnwement  of 
overall  ship  propulsive  jK-rtorrnanee  w  tilt  the  flow  accelerating 
fin  installed  {compared  w  ith  the  no  I  in  case  veins  to  hinge  on 
a  noticeable  increase  ot  the  relative  rotative  ettieiencv  rj/,-  I  bo 
applies  onl\  to  the  ballast  <  ■•million  w  ith  the  bull  Inmmed  I  1  i 
til  (3  75  ft)  down  bv  the  stern  (  liangc'  in  the  pi.-pubive  in 
teraction  eoeffi«-ient  »?;<  are  often  ditt)<  nit  !»•  understand  and 
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i  n »ti\  ate  !ii  tlii'  «.  jm  J h**rt  afr  ehaitgrs  in  the  three  u‘U  il s 
i  rata.s  <»t  tin*  nominal  wake,  comparing  tfu*  ballast 

i  •tititM'in  wall  Oir  tut!  I* mi)  .onditron.  that  mav  explain  the 
tinpifv.  nifiii  in  W  idim  the  main  wake  shatlim,  the  \ \  V 
>  ili n*'- 1-  i  t)u  h.iN-t-l  .  <  -n. it'ii in  are  increased  ami  wake  extent 

■  v  i-i.Mtl*  t.cd  v  that  »be  tangential  gradients  are  reduced 
>>  "quod  w.rh  dn  wit  hi!  i  patterns  of  the  full  load  condition 
Mtn.'.irK  t  h»-  jH.ik'  the  V  ;  V  ami  \  fi  V  variations  \  el  mis 
t  in  iimieii  iituJ  .»uce-  aie  rcdmed  lor  tin-  ballast  condition 

■  >  nipaietl  w  ,t  i  .,1  '  a  1  ,  .im  <  herall  then,  tin*  velocit  s  »  u 

I  ’.intN  o  .ifi.ii  g;  n lie m '  an  diminished  in  the  ballast  eomiitii'ii 

w  ake  t  if  It  I  and  dir -otuew  hat  w  taker  ied  sheuted  I  low  pattern 
ionkl  U-  •  0  ;  »he  largel  i)n  treiul  ill  that  filth 

t  ,i>n 

Mr  J  akfHtiiM.i  fxi-if'-titi  loiuern  with  the  wide  band 
niejsijt, mei'ts  oi  pifssin*  pulse  amplitudes  displav ed  in  l  ie 
Hin  '<  allei  n  :  ‘e-.  n  die  ,  haraetei  of  the  nbserv  ed  pressuie 
siguab  1  h.s  *n.tv  n.  {•art  be  attnbuteii  to  tetiqvoral  variations 

I I  at  .Of  k ijo.i  j,  ' '  fn  pn  stut  I'sjH’fitiHx  ill  full  wale  measure 

■neiit >  \!o  .  ugh  d.*  d..t.«  shown  here  exhibit  large  siallei . 

vi  Im  ).  i>  i.ilhei  «i  is,  ohng  to  in  as  well  as  to  Mr  Takeknm.i 
there  .if*-  oth*  i  e \  ttiijMe  oj  measm  ed  presMiie  pulse  ilata  that 
iilusti.il*  v.tnabiht  ,  f *>f  irctain  r.  the  measurements  j e|>* .rte  1 
h\  llohleii  t  1  »“  W  t  -should  l*e  adv ised  lor  future  hum 

-  mt  ii lent  -a  .  i  k  n- .!  'pl.e  tin  -  ii.il .«  ui  a  st ruler  statist ii  al  tii.in 
' tei  v*  la  i 1  m  ei- ■*»  i u' >le  u  *  an  value  is  identified.  along  w ith  t i it* 
'(an.)  i'il  dm  mu.  /,  a  nil  the  extent  o!  maximum  am!  minimum 

v  .tit  i « s 

P*  hapl.tf  unj  hunt  about  tin*  use  ot  the  measured 

axiiti  tin  llngiaph  amplitude  ol  fluctuating  pressuie  h  t 
iIm  output  is. 1 1 1  w  ill,  »h«*  aualxtual  results  is  well  taken  I  or 

*  i.i'1'v  ,t  'houl.l  k  noted  that  it  is  the  maximum  amplitude  «•{ 

*  lie  blade  ’ate  ?:/•«  •.  •/  Mguul  that  has  l>eeti  displayed  in  these 
v  Miip.n  >m«!is  Nevertheless  we  agree  that  the  mean  of  the 
'i.uliesi  'i  c-io  ii!  value  «h*ter mined  from  sequences  ol  Fourier 
o  ab  s's  ’ •  i  *  .n  h  revolution  is  a  fietter  choice,  and  it  lias  fnvrt 
the  s'  hcijijrt  I  suggest eil  average  value  tor  correlation 

pm  p*  . . In  b.isp  i  i  m  v rial  investigations  h\  SSI*  \  Figures 

'. • 1  and.  >  >  I’lesent  th*  mean  ot  the  highest  o  jiereent  ot  the 
r'' lief  i-r-  vi.it  ainpliuities  that  mav  l«* direct l>  compared  v* 
the  aiialv  tn  .d  pr*  *i n  lions  show u  hi  Fig  >0 

Mi  V  NMtaii .  ■  -le.inenled  ttial  ttie  mam  efforts  of  the  program 
outlined  m  *his  pajM-s  wi  n-  dirirtev)  tow ard  the  ulentitu atiou. 
ve'dii  ation  and  nilileli*'!)  of  the , vamree  of  projieller-eu’itatiou. 
and  i ■  i '1  t  n  .  iassu  al  noise  redm  lion  inetluKls  *l*lns  w  as  c  er 
tainlv  die  i  ase  \\  e  ehose  U»th  w  ake  and  projH'ller  imnlilu  a- 
ti"n  alternatives  'n\  wav  it  is  most  likelx  tllat  the  available 
noise  red'.nta't  *.«  i  hunpies  would  liave  )iel|X*d  little  or  not  al 
ill  in  the  k  v.  hrtpirmv  range  that  eiiaraeterizes  the  worst  noise 
levels .»!  tiie  \(  >  !7T  Then*  mav  U*  miiim*  a<lditional  gams  that 
i  * ’U Id  !*♦  ii  .me  1-v  -*-lei  hvelv  s|ittening  eertain  structural  «  le 
uinnts  m  the  aln-i  part  «*!  the  ship  m  order  to  alter  the  sijsi  ej> 
i  ibiht  v  ot  t h<  I  ail’  to  the  transtmssi«>fi  of  vibration  energv  to 
interior  e* •mpaii t'inii •»  Mr  \m man  also  argued  tor  criteria 
tor  <’v alu.it mg  * h*  s  |.  t.n  •  ioree  as|x*ct  ol  pro|N*ller  excitation 
bn  pi o| wised  da  'ign  and  we  ctTtumlv  agree  In  faet.  1h\  .iiim- 
of  tiie  V  >  1  7T  rvjw  i  i*  n.  e  we  are  trying  t<»  fill  this  need 

Sir  Soonai.  re«pn*sjed  comment  on  tile  correlation  ol  cav  i 
tation  ineeplion  Iroin  model  and  lull-scale  observations  In 
irpttoiiof  «.»v nation  iiMiatb  refers  to  tin*  vehx  itv  conditions 
rpm  and  sinp  speed  at  v% im  ii  cav itatum  of  a  particular  tv  pe 
first  api>eufs  biceptiori  i»v  itself  is  not  an  issue  in  the  present 
situation  In*  option  ot  <  av  itation  incurs  at  much  lower  sjieetls 
than  the  regime  of  *  \i  evsive  evi  rtatiol)  which  is  a  result  of  fullv 
develofwd  sheet  .  ivitv  (low  **\|)erieticiiig  periodic  instabihl v 
anti  <  oflapv  f  ile  irn(*>rtant  cavitation  scaling  asjiects  are  the 
scaling  ol  tin  vavitv  volume  dvnamics  and  unsteavlv  cavitv  flow 
patterns  .»s  thev  rr  late  lo  the  projx*ller  excitation  levels  l)t 


Mem  jls*i  expiesM*d  itilei «  si  m  tills  latter  is>m  (  a  it  i.U t>  1 1  •  .f 
oi(Kie)  and  full  stale  result'  in  lh;s  aiea  iv  \ei\  i  <  ruplf  .if<  1 
involv  mg  topics  sin  h  as  scaling  hkkIi-  !  l»  •  full  st  ale  VS  ake  ill* 
Ix.iindarv  v  ondition  suuuiatetf  bv  l  In  -tunnel  *  eilitig  audar -r*f 
How  .piahtv  ami  air  txmleiit  (  hi  the  basis  ol  eav it.it  m  >n  extent 
and  general  tavitv  ap|H*aiancc  the  v»at.T  fumirl  cesidl*  -  >r 
relate  lairlv  well  w  ith  patterns  observetl  fill!  s(  alt  l  hr  iu..si 
<  urient  til m  usmou  ot  the  Mil ijt vt  of  enriel.ition  w  ith  !.tic<  '  »>*  t 
tmiuel  eX|X*l  lineilts  |S  given  bv  Iheslm  «*l  ai  beg.o  •  tie-* 

el  tlie  a- si  'Ml  lent  of  the  absolute  lev  * -is  -  .f  [if  <  ss>  jf  *■  |  ;;]se  '*•'■,  ! 
Ii m.  ss | ‘  \  we  have  interpreted  l lie  results  of  (fit  water  Ou  r..  ! 
tests  tiotn  ,i  jHin it  i.f  v  lew  nf  relative  magnitudes  J  hat  !*■  vv . 
ileft lit  .[  the  Su.ll  1  hoiee  ol  a  tlesjgli  option  on  til*  basis  el  (.«■' 
teiatue  improvement  over  the  case  of  the  nnni".h! n  .1  \<  ) 

Pi  Merri  stated  a  desire  fai  .1  nil'll  *  •  ..".■[)»  h  j  t\  it  w  .  -t  '  *  a 
.  oinpntational  rest  ills  iet  nmiilated  m  tin  et  s.  •  el  'ho  pi  on  •  t 
W  e  agree  tiiat  this  would  U  ifitefestuig  . i*  Ium-IijI  l  u!«'it  s 
.lateh,  the  length  of  this  hmitod  the  attention  ti..i'  <  j.«i 

be  given  t«  the  aiialv  tu  al  results  «■  ii» >[ >*  o •  mt  l  i.  i.  .i  ui"!' 
ii.inplele  dlst  UssioM  of  the  i  omput.it  jon.ii  re'ults  m  .  :  1 1 1  ; f « 
lefereiu  *•  In  this  eonriectioM.  Pr  Stern  offei**.t  ins .  eiujaiU-.i 
results  f«»r  the  \(  >  177  unsteadv  volume  vel.n  itv  an*  1  ••  *tmiat«  d. 
pressure  pulse  amplitudes  We  thank  him  h<i  this  . . ■* it 1 1 P- : 
tt-  ui 

W  e  thank  \fr  jH«>rs  tor  )jjs  thoughts  on  the  steps  be  mg  ;• 

■  lei taken  lo  avoid  l lie*  recurrence  ol  problems  similar  1<  lh.se 
eii'.  mint'  red  bv  the  \(  >• !  77 

1  hi  ileta  ls  ol  the  I  in  sti  m  tural  design  an. I  the  t  m  mi1  talla* .  ' 
program  [>rovr<le<l  f>\  Messrs  \tntsoii  Iked.i  and  1  ion  k  a*< 
vert.iiiiiv  tunelv  and  an  unjiortant  additi*»n  t“  tins  pape'  W. 
thank  these  ills*  iiyser  s  tor  I  lieu  .'<  iiiai  k- 

Frol  lheslm  and  Pr  Mi  Kee  piesenlt'd  v.i!«  illations  t  •  tie 
\(  >  1 7"  w  ithout  tm  from  the  .  oiubinal  mi.  ol  .  ..mp.ili  i  pi  • 
grains  I  rom  Mil  and  P!  S|  1  f,  .r  t  Ik  -  cav  it  at  mg  j*r.  .jwller  and 

iu/JJ  profx  Jier  mleia.  lion  aiialv  so  rrsj«ei  1 1 v  elv  d  !iev  j >i * 'v  v* i« •« f 
a  .  om  pa  mm  Mi  1h  tween  the  predu  ted  pressuie  pulse  amplitudes 
and  die  mean  •  >1  the  flight  st  '>  peri  ent  amplitudes  uiea'ii led  m 
the  eav  gallon  tunnel  at  SSF  \  \s  n»Me*i  pr«  v  i> msh.  w  .ici*-* 
that  tiie  average  of  the  ">  pen  eut  highest  .imph'utl* '  is  p.ot  abl\ 
the  preternil  exj»ei  tmeiital  » plant  it  v  ioi  •  nil  el.»t  i.<n  W  e  th.ii  k 
tin*  discussers  for  tins  additional  ml oim.it ion 

Pr  Hvlandes  i.iiM’d  some  interesting  ;*omU  and  i  hall«  ngmg 
questions  liased  on  information  available  in  the  paf>«  r  ot  m 
It  ned  from  his  rx|H-netue  Ik  suggested  a  te.  idt  img  ->'  riu 
correetive  opiums  foi  vilvmg  the  pioblems  ottiie  NO  177  lie 
reiteraUxl  the  ulea  tiiat  tor  reducing  the  lev ei.  of  : •  it*  r  o  i  n- 
am  design  itn  k!  it  u  at  mu  slu-uld  l*e  «iuev  le.l  toward  the  r-  du« 
tmn  of  the  ingiiei  iurmonu  '  of  die  indu'e<»  pr*  vv.n*  pu'sr  >. 
We  liave  j>M‘vi»Mtslv  stated  the  aim  but  w*  should  n<*U  di.tt 
other  eonsuleratlons  als*»  plaved  a  role  in  the  final  *  hoi* »  1  '  tin 
design  1  o  shed  more  ilglil  o»i  tire  .  on  i  pan  son  U  'wet-*.  lh«  tw. . 
Im  coni igi (rations,  we  im  lude  in  I  ig  *  I  die  [  o  s" ire  amplitude 
sjHutra  measured  at  the  lotwaidiiK'st  1  *■  »n •  *  \  le'i'n 

line  .  tor  the  unm'Hliiied  Hull  and  f«u  e.e  h  <’t  du  tm*  at  da 
fll|l  |>*iwer  full  load  unuhtioll  rllese  Ulv.*  lepli  M  lit  Hi. 
model  stale  pressure  pulse  level*  ,nus  evpiesst-if  :n  db  u  ’-ii. 
till*  f requeliev  tm  the  model  wal<-  1  hes<  .i.it.i  u *•  eotoulei ed 
reliable  up  to  aix.ut  It  >00  If/  Here  vs  *•  see  *  hat  <di  tiro  ?*• 
(bleed  tin*  general  levels  o!  higher  Itequen*  v  j  r*-"ur  •  puls*  - 
In  the  lower  Iretpiencv  range  up  to  sev«*u  times  f|r*  blad*- i.Ce 
lre<|ueiK  V  i-S2  IP  lull  stale  the  tunnel  fin  pn*d>i«  e«f  die  l.ug'  ' 
reductions  but  tor  the  higher  harmonies  lh<  bigg*  j  f**du.  ikmo 
were  assot  lated  with  the  flow  i*  t  *-l**r  atirig  Im  I  i-.in  tl.o 
(•ompanstMi  we  feel  tiiat  neitiier  I  m  'In  *w  '  .  !*ar  »uj’ein  ■>  i!  v 
rniisidetmg  the  entire  frequent  v  range  <>1  mter*  v»  lt.ip|**.ii' 
tiiat  either  fin  ptobablv  would  iiave  lulimd  d>e  mU-.oil 
II*  use 
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Fig.  54  Model  scale  pressure  amplitude  spectra  measured  at  forwaitlmo*:  ransilucei  a 
comparing  cases  without  and  with  the  two  firs 


W  it  l,  r<  -c  ,i: . !  1 1  >  1 1  it*  m  In  *  i*  «n  i  »l  a  iiirm  t  *\ «*  option  there  w  as 
t  vie'-vt  tu  •  i  h  i  h«x«sr  a  hx  that  could  U •  implemented 
pen  sis  in!  ill'  \[*Tsi\el\  ’Niue  initial  tin  ilrMCiis  w»*re  reads 
‘  \  »U  !;:,ir  ft  th.  '  av  ,lati»'i:  tunnel  tests  a  i nu  ould  !«•  installed 
■  :i  I  hr  dup  Iasi  i  than  alts  .<lhr!  opium  It  the  i  hou  e  had  Ixrii 
w  ! !f > ij m ‘He  t  t  xs..uld  haw  rnpnred  appmumateh  one  seat 
i  'tu;i  :  tiusr  .i  wrdied  drsicn  nioddication  reads  to  U-  m- 

-i  tiled  •  'i  tin  >hip  I  he  U  tter  |X'i for jiatire  •  ,  the  flow  ac 

■  elet  at  inti  tm  relative  to  the  tunnel  im  in  trdm  me  Made  rate 

pen.  du  pre^ures.  tall \  lorw art!  and  all  ot  the  tip  plane 

was  the  prituipai  apj»ealmc  te.itnie  Sei*on-tai\  ads  antaecs 
ue  tli.it  the  I  low  as  rdeTatmc  till  Is  smallei.  lighter.  an<i  s  hea|x  r 
t<  ■  Uulii  and  install  Its  added  drae  is  smallei  as  wril  i  ntirisni 

■!  mine  tin  •  S\p  \  enter  ion  Uwofid  its  intended  smjx’  lull  I  s  l 
hr  .Jifji  : .  j  n  'Pahls  ;i|sti! led  heir  hilt  w e  Indies e  that  tins  s  M 
!«  rifii  i  fiiei  t|,  indicated  that  there  was  a  greater  mar  cm  of 
sal  et  \  h  ir  as  online  |»*ssil»le  hull  ender  \  il  nation  piohlems  with 
the  flow  ,e  .  eleratJJiC  tin  than  w  ith  the  timneldin  More  sic 
rein  a  nth  ,  tin  floss  at  ratine  tui  pr«  hIh  »-d  lower  hi. isle  rate 
I  »i  essur*  amplitude*  over  the  tip  w  tide-  the  tunnel  tin  produced 
•  hchfh  fucher  sallies  mean  ot  "  jvrsrnl  Inchest  amplitudes’ 

■  <  nupaied  with  the  <  jse  o|  the  i  ittn  u  h  lit  k<  t  hull  In  hcht  "t  Pi 


Us  landes  s  afeummr  aU>ut  I  hr  desir.ihiht  s  «»|  has  me  letlu*  ed 
pressure  pulse  amplitudes  u  it h  a  tin  pit  «uvital »l\  over  the  tip 
it  scene  diths  ult  t«  *  it»s*  it  \  a  hr  m  •onsu  pen  that  the  tunnel  tm 

w  oil  Id  have  U*eu  such  an  ohs  loiisl*.  heller  t  lion  r 

\ll  thine*  eoiisuleied  we  telt  that  the  i  h"m  lietw  ecu  the  t  w  • 
tins  was  rat het  e|osr  It  e  jxu  haps  an  .u  ademit  |H'int  'i!iv«  > ' i< 
full  scale  fill  esaluafforr  <ruf  sh"« aed  that  the  tli-vs  ,u  s »  letatmc 
tin  was  a  sat  et  art  oi  s  and  sutlinellt  cnee  ll«  *1  *  to  tin  piohlrm  . 

fl  the  \o  it: 

\cain  the*  a<  it  hots  w  eh  t.>  t  flank  all  of  'hediv  u%\i  r  *  hi  then 
siCS'itu  mt  <  i ■  1 1  ihutif  r is  t . .  tins  pai*ei 
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DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 


1.  DTNSRDC  REPORTS,  A  FORMAL  SERIES,  CONTAIN  INFORMATION  OF  PERMANENT  TECH 
NICAL  VALUE.  THEY  CARRY  A  CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 

2.  DEPARTMENTAL  REPORTS,  A  SEMI  FORMAL  SERIES,  CONTAIN  INFORMATION  OF  A  PRELIM 
INARY,  TEMPORARY,  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE 
THEY  CARRY  A  DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 

3  TECHNICAL  MEMORANDA.  AN  INFORMAL  SERIES,  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INTEREST.  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN 
TERNAL  USE.  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT.  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A  CASE  BYCASE 
BASIS. 
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